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INCE the initial reports of Caffey 

and Silverman' and Smyth, Pot- 
ter, and Silverman? of a syndrome 
which has come to be known as ‘‘in- 
fantile cortical hyperostosis,’’ its 
etiology has been subject to consider- 
able speculation. It is desirable there- 
fore that observations, which discount 
some speculations and may shed light 
on others, be reported. We are, there- 
fore, presenting this report of our ob- 
servations of the familial occurrence 
of this disorder in two siblings who 
presented manifestations in utero. A 
dynamie concept of the pathogenesis 
will be presented as a consequence of 
our experiences. 

Classically, infantile cortical hyper- 
its onset any time 
during the last month in utero and 
the first seven months of life. It is 
characterized by the development of 
brawny, tender, nonhyperemic, non- 
suppurative swelling over one or more 


ostosis may have 


bones followed by the development of 
underlying cortical hyperostoses. The 
hyperostosis can be demonstrated by 
roentgenograms up to twelve months 
tissue findings disap- 
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course is typical only in the extreme 
variability of its duration and the 
frequent occurrence of remissions and 
exacerbations. New lesions rarely de- 
velop after the first year of life and 
in some eases the entire course is only 
months 
sions will clear and then recur at the 


three long. Frequently le- 
same site or sites, or while one group 
of lesions are subsiding others will be 
developing elsewhere. 

The hyperostoses are limited to the 
diaphysis by roentgenogram and 
never involve the epiphysis or meta- 
physis. Initially they appear as ir- 
cortical thickenings. Later 
they may become lamellated as heal- 
ing occurs. Subclinical hyperostoses, 
detectable only by roentgenogram, oe- 
eur. 


regular 


The mandible, long bones, and 


ribs are most frequently involved. 
However, involvement of all bones 
except the vertebrae and phalanges 


has been reported. 

The other abnormal findings noted 
commonly, but not invariably, during 
the periods of local tenderness and ir- 
ritability are fever, elevation of the 
erythrocyte sedimentation rate and 
the serum alkaline phosphatase, pal- 
lor, pseudoparalysis, and, less com- 
monly, pleural effusion in association 
with lesions of the ribs. It should be 
noted that fever is uncommon in early 
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infaney. Anemia has been associated 


with several eases. The differential 
leukoeyte count generally reveals a 
mild lymphoeytosis, but eosinophilia 


and neutrophilia have been reported. 
Reviews by Caffey* and Racely, Bild- 
erback, and Burton‘ de- 
tailed discussions of this syndrome and 


give more 


its many variations. 


CASE REPORTS 
Case 1.—K. B. (370-486), white 
female infant, was born June 27, 


1950, at the MacNeal Memorial Hos- 
pital with brawny, tender, nonhyper- 
emic, fusiform swellings of both arms 


and legs and less marked swellings 
over both angles of the mandible, 


the elavicles, and two ribs. Hyper- 
ostoses could be palpated under the 
soft tissue swellings. The arms were 


held flexed and externally rotated. 
There was a painful pseudoparesis 
of all four extremities and passive 


movement caused marked pain. The 
infant was very irritable. There was 
no fever at any time during the 
Progress was satisfactory in 


course. 
all other respects. The infant fed 
well; she weighed 3,118 grams, 56 


grams over her birth weight, on July 
7, 1950, when she was transferred to 
the Research and Edueational Hos- 
pitals for further evaluation. Physi- 
eal examination revealed no abnor- 
malities other than those noted above. 

The mother’s prenatal course was 
uneventful except for mild nausea 
and vomiting during the first trimes- 
ter. The maternal Wassermann test 
was negative. The mother took 15 
grains of ferrous sulfate, ealeium, and 
supplemental vitamins including 10,- 
000 international units of vitamin A 
per day during her pregnancy. De- 
livery was uneventful after a nine- 
hour labor. <A prenatal film taken 
one week before delivery had been in- 
terpreted as showing bony abnor- 
malities in the legs and arms of the 
fetus (see Fig. 1). 

Roentgenograms 


revealed irregu- 


lar cortical thickenings of the man- 
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dible, clavicles, radii, ulnas, several 
ribs, tibias, and fibulas, limited to 
the diaphysis in the tubular bones 
(see Fig. 2). Other studies were as 
follows: The nose and throat eul- 
tures revealed E. coli. The urinaly- 
sis was negative. Hemoglobin was 
14.5 grams per cent and hematocrit 
43 per cent. There were 9,300 leuko- 
cytes per cubic millimeter. The dif- 
ferential leukocyte count was nor- 
mal. The erythrocyte sedimentation 
rate (Wintrobe) was zero millimeters 
in the first hour. The Wassermann 
and Kahn test were negative. The 
serum phosphorus was 6.8 mg. per 
cent, calcium 9.7 mg. per cent, alka- 
line phosphatase 20.6 Bodansky 
units, nonprotein nitrogen 44 mg. 
per cent, uric acid 2.4 mg. per cent. 
The whole blood vitamin C was 0.5 
mg. per cent. The plasma vitamin 
A was 42.7 yg. per cent and the 
plasma carotene was 37.9 pg per 
eent. Intradermal skin tests for 
tuberculosis, histoplasmosis, coccidi- 
omyecosis, and blastomyecosis were 
negative. 

A diagnosis of infantile cortical 
hyperostosis was made and no 
treatment instituted other than usual 
well-baby care and careful observa- 
tion. The course was an unusually 
severe and protracted one, with sev- 
eral fresh lesions appearing as some 
of the older ones cleared in the same 
or new sites until the child was 17 
months old. All the hyperostoses 
have not resolved as yet. The per- 
sistence of the painful lesions in the 
legs resulted in a prolonged pseudo- 
paresis so that standing and walk- 
ing were delayed till age 15 months 
and 19 months, respectively. Marked 
demineralization of the bones of the 
legs developed which may be attrib- 
utable to pseudoparesis with disuse 


atrophy (see Fig. 3). There has 
been considerable improvement in 
the bone mineralization sinee the 


child started to walk. Marked an- 
terior bowing of the tibias developed 
and persists although considerable 
improvement has occurred since the 
the child started to walk (see Fig. 
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Fig. 1.—Prenatal roentgenograms showing bony abnormalities 3 fetal tibias, fibulas, and less 
clearly of one radius in Case 1 (K. B.). 
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4). Very marked ulnar deviation oe- 
eurred bilaterally which corrected 
spontaneously as the forearm lesions 
became inactive. The child has been 
well since age 18 months except for 
asymptomatie anterior bowing of the 
tibias and now has normal neuromus- 
cular development. 


Case 2.—M. B., white male infant, 
the brother of K. B. (Case 1), was 
born at the MacNeal Memorial Hos- 
pital on May 31, 1952, after a normal 
prenatal course similar in all re- 
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spects to that recorded above for his 
sibling. At delivery a_ tender, 
brawny, nonhyperemic, nonsuppura- 
tive swelling was noted over the an- 
terior half of the right leg. Under 
the soft tissue swelling a bony hy- 
perostosis was palpated. A prenatal 
roentgenogram taken five weeks be- 





Fig. 2.—Roentgenograms of K. B. when 13 days old. 


fore delivery showed a bony abnor- 
mality in one fetal leg (see Fig. 5). 
The infant was otherwise normal and 
weighed 3,657 grams. His weight 
progress was normal and he was 
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Fig. 3.—Roentgenograms of Case 1 (K. B.) at age 10 months showing marked anterior bowing 
and demineralization. 


Fig. 4.- Roentgenogram of Case 1 (K. B.) at age 25 months showing remineralization and 
reorganization of bones with some improvement in anterior bowing. 
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Fig ) Prenatal roentgenogram in Case 2 (M. B.) with arrow indicating hyperostosis of 
one tibia. 





Roentgenograms of hyperostosis in Case 2 (M. B.) at 12 days of age. 
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transferred to Research and Eduea- 
tional Hospitals on June 10, 1952, for 
further study. 

Physical examination on admission 
revealed an irritable infant with the 
findings mentioned above in the right 
leg. In addition, a painful pseudo- 
paresis and anterior bowing of the 
involved leg were present. 

Roentgenograms failed to reveal 
any lesions other than the irregular 
cortical thickening of the right tibia 
(see Fig. 6). The erythrocyte sedi- 


mentation rate (Wintrobe) was 22 
mm. in one hour. The hemoglobin 


was 13 grams per cent. The leuko- 
cyte count was 14,200 per eubie mil- 
limeter. The differential leukocyte 
count was within normal limits. The 
serum calcium and phosphorus were 
9.0 and 8.1 mg. per cent, respec- 
tively. The alkaline phosphatase 
was 4.6 Bodansky units. The Was- 
sermann and Kahn tests were nega- 
tive. 

A diagnosis of infantile cortical 
hyperostosis was made. It was de- 
cided to administer ACTH experi- 
mentally to this infant. Bush and 
Merrell’ reported the use of ACTH 
in this disease and noted the prompt 
subsidence of the clinical symptoms 
during and after eight days of ade- 


quate dosage, although the bone le- - 


sions did not clear until four months 
later. It was felt that in their case 
the subsidence of the symptoms may 
have been coincidental with the ad- 
ministration of ACTH or that it 
might represent the well-known non- 
specific effect of the hormone on any 
fibroblastic type of reaction. The 
latter would be in keeping with their 
observations, as the soft tissue 
changes appear to be secondary to 
atrophy, and fibrosis. No inflamma- 
tory changes occur in the bone. 
There is some experimental evidence 
that ACTH has a direct effect on 
osteogenesis and chondrogenesis.* * 


However, the extreme variations in 
the natural clinical course make it 
impossible to judge therapy on the 
basis of one case. 
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Accordingly, this infant was given 
ACTH at a dosage adequate to re- 
duce the eosinophil count to near 
zero for one week. Forty-eight hours 
after the hormone was started the 
tenderness disappeared. During the 
week there was a definite diminution 
in the amount of soft tissue swelling. 
The infant’s irritability disappeared. 
There were no manifestations of 
ACTH side effects except that the in- 
fant failed to gain weight while get- 
ting the hormone. Normal weight 
gain began forty-eight hours after 
hormone therapy was discontinued. 
There has been no recurrence of the 
pain and swelling. No new lesions 
have developed during the _ subse- 
quent two months. 


DISCUSSION 


The etiology of this syndrome re- 
mains a mystery. It is interesting to 
speculate on the possibilities. Caf- 
fey*® has chosen to classify this as an 
infection of the skeletal system al- 
though admitting that there is little 
supporting evidence for this specula- 
tion. Attempts to incriminate bac- 
teria? *-"' and viruses*® as etiological 


factors have been unsucessful. Few 
biopsies have included more than 
superficial spicules of bone. There- 


fore the histological reports are not 
entirely satisfactory, but have failed 
to reveal the presence of inflammatory 
reaction in the bone, periosteum, or 
soft tissues.” *** 

Mossberger’® described the bone pa- 
thology of infantile cortical hyperos- 
tosis in an infant whose cause of sud- 
den death was unknown. He did not 
find any evidence of inflammation. 
He noted that there were two layers 
of spongy bone which represented the 
cortex of the diaphysis with no com- 
pact bone present. The inner of these 
layers seemed to represent the origi- 
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It was formed by trabecu- 
lae with a layer of new bone on their 
an in- 
complete layer of osteoblasts. Mar- 
the Haversian 
The outer layer was scant- 
the 
loose fibrillary tis- 


nal shaft. 


surface and surrounded by 


row was present in 
spaces, 
ily vascularized and Haversian 
contained 
The 
with a complete layer of osteoblasts. 


The 


many 


spaces 


sue. trabeculae were covered 


periosteum thickened by 
fibrils 


osteo- 


was 
fibrocytes and collagen 
below it 
the epiphyseal 
line were microscopic strands of con- 


and seattered were 


elasts. Interrupting 
nective tissue containing trabeculae of 
bone and eartilage rurning from the 
diaphysis. The lacunar arrangement 
was distorted only in the immediate 
These find- 
ings are compatible with the reports 


vicinity of these strands. 


of biopsies in so far as comparable tis- 
sue has been examined. 


The oceurrence of the disease in 
utero has been cited above. Kiteh- 
in'* reported the disease in an in- 


fant aged 6 hours, which must have 
originated in utero, and there was a 
the 


Van Zeben" reported three 


history of a similar lesion in 
mother. 
eases in one family. These reports, 
combined with the pathological stud- 
ies and the failure to respond to any 
type of antibiotic or chemotherapy,‘ 
make an infectious-inflammatory ori- 


gin of this disease very unlikely. 


Mossberger’® suggested that this 
disease represents excessive embryonal 
osteogenesis. Re-evaluation of the 
minimal available data would sug- 


gest that embryonal osteodysgenesis 
would be a better term. It is of in- 
terest that the lesions of infantile cor- 
tical hyperostosis have been recorded 
in a variety of sites which approxi- 
mate the location of the primary cen- 
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ters of ossification in a fetus nine 
weeks or slightly older.** The ap- 
pendicular musculature becomes com- 


pletely differentiated and functional 
during the second and third fetal 
months. There is a period of very 


rapid growth of the extremities dur- 
ing the third fetal month terminating 
in a 90 degree rotation to the normal 
human position. The combination of 
the factors of rapid growth, prelimi- 
nary muscle pull, and 
change in relationships may lead to a 
certain amount of distortion of the 
bone. 


ossification, 


Primary ossification consists of the 
more or less simultaneous develop- 
ment of enchondral and perichondral 
bone formation. The latter forms a 
splint around the shaft weakened at 
the zones of cartilage, destruction oc- 
eurring with enchondral bone forma- 
tion. The fetal periostium is propor- 
tionately much thicker than that of 
well-developed bone, resembling that 
described over the lesions of infan- 
tile cortical Normal 
bone excellent 
vascularization at the site of ossifica- 


hyperostosis. 
formation requires 
tion. 

The many cellular and _ physico- 
chemical changes associated with the 
gross changes in osteogenesis have 
Robinson.'® The 
factors controlling these phenomena 


been reviewed by 
are not clearly defined. 

The histological picture seen in in- 
fantile cortical hyperostosis suggests 
that the rapid development and in 
some instances subsequent distortion 
of the fetal bone results in an inade- 
quate vascular supply to the involved 
bone. As a result, there is a failure 
of normal perichondral bone forma- 
tion. A compensatory increase in 
endosteal bone formation follows at 
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a later date. This is bizarre in form fining more clearly the defects in 
as it is structurally inappropriate for osteogenesis present in this disease. 
the stresses and strains normally The familial occurrence of this 
brought to bear on cortical bone and syndrome, the onset in fetal life at 
also suffers from an inadequate blood 
supply. The lamellated appearance 
of these lesions late in their course 
would occur with the uneven resump- 
tion of periosteal bone formation 
when the blood supply and other 
controlling factors are adequate for 


the earliest and rarely after 7 months 
of age, has raised the question of a 
possible relationship to the changes 
in endocrine function oceurring dur- 
ing this period. It has been note- 
worthy that all reports of this dis- 
ease have failed to mention any dis- 
same to oceur. F ; ; 
a ’ , turbance in epiphyseal or metaphys- 
The changes in the soft tissue are 
those of atrophy and fibrosis which 
are also compatible with an inade- 


eal growth. In contrast to this ob- 
servation, all known hormones affect- 


. ing bone growth exer sir greates 
quate blood supply. It is necessary g bone growth exert their greatest 


to hypothesize that the arrest in os- 
teogenesis persists in many sites un- 
til the blood supply and/or other 
controlling factors become adequate ring local lesions over a period as 
for the aberrant compensatory en- long as a year. 
dosteal bone formation to oceur fol- In spite of these facts, which make 
lowed by the resumption of periosteal a disturbance in endocrine function 
bone formation some weeks or as the primary etiological agent ex- 
months after birth. ceedingly unlikely, the preliminary 
The pain and tenderness noted dur- observations of a questionable re- 
ing the acute phase of the develop- sponse to ACTH necessitates further 
ment of these lesions may be due to investigation. It must be remem- 
the stretching of the periostium by ered that the use of ACTH in this 
the mass of aberrant cancellous bone e@ge group is hazardous. There is an 
or secondary to atrophie changes re- increased risk of infection and of 
sulting from the period of avascular- profound electrolyte disturbances. 
ity. The use of ACTH in this self-limited 
disease is not warranted at this time 
except under carefully controlled ex- 
perimental conditions. 


effect at the epiphysis or metaphysis. 
It is unlikely that a humoral agent 
would produce intermittently oceur- 


Retrospective evaluation of the 
studies reported in this disease has 
served to highlight the need of utiliz- 
ing modern techniques in the study The cases cited above demonstrate 
of bone disease. Robinson'* has dem- the occurrence of this disease in 
onstrated that the formation of hy- utero. They indicate a need to ex- 
droxyapatite crystals in normal bone amine all prenatal roentgenograms 
matrix results in a hexagonal tabu- carefully to determine how early 
lar erystal whereas those crystals such changes can be demonstrated 
formed in abnormal matrix seem to and if perhaps some cases oceur and 
have different shapes. Follis'’** has heal before the end of the fetal pe- 
discussed histochemical techniques riod. Careful study of fetuses and 
which might be of great help in de- stillbirths should provide material to 
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document in greater detail the path- 


ogenesis of this disease. 


It is apparent from the evidence 
reviewed that infantile cortical hy- 
perostosis is probably not an_ infee- 


While 
not entirely clear, there is no indi- 
that a 
function 


tious disease. the evidence is 


disturbanee in endo- 


ineriminated 


eation 
erine ean be 


as an etiological factor. There is 
only one case to suggest that this is 
a hereditary defect.'* In 
the occurrence in utero, the familial 
occurrence, the histological 
and the natural history of the syn- 
indicate that loeal 
factor interfering with normal bone 
development. It is postulated that 
this is a defeet in vaseular supply to 
the fetal diaphysis occurring during 
the third month of fetal life and re- 
sulting in embryonal osteodysgene- 


contrast, 
studies 


drome there is a 


SIS. 
SUMMARY 


The history, clinical findings, 
roentgenographie changes, and path- 
studies of infantile cortical 
hyperostosis were summarized. Two 
cases of infantile cortical lyperosto- 


ologieal 


sis occurring in sibling and demon- 
utero by prenatal roent- 
genograms Evi- 
dence that this syndrome is not in- 
nature and that the cor- 
cortical bone 


strated on 
were presented. 
feetious in 
thickening is not 
A hypothetical 
pathogenesis of 
Several 


tical 
reviewed. 
the 
the syndrome is presented. 
further investigation 


has been 


explanation of 


directions of 


are suggested. 
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CHLOROMYCETIN PALMITATE 


OBSERVATIONS ON ABSORPTION, BLoop SERUM LEVELS, AND URINARY EXCRETION 


E.LuArD M. Yow, M.D., Frep M. Taytor, M.D., Josep Hirscn, M.D. 
Ricwarp A. FRANKEL, M.D., anp H. E. Carngs, M.D. 
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HE value of Chloromycetin in the 

treatment of infections due to most 
bacteria, the pathogenic rickettsiae, 
and many of the large viruses has 
now been well established. Because 
of the bitterness of the crystalline 
compound, its usefulness has been 
limited in instances by the 
practical problem of administration. 
The use of the encapsulated drug met 
of the therapeutic 
however, many children and occasion- 
ally adults did not accept capsules 
readily. This need for a more palat- 
able oral preparation of Chloromyeetin 
stimulated the investigation of cer- 
tain insoluble tasteless Chloromyeetin 
derivatives. These studies led to the 
preparation of Chloromyeetin Palmi- 
tate (combining Chloromycetin and 
palmitie acid) which free 
Chloromycetin could be liberated in 
the intestinal tract by enzyme hy- 
drolysis. The main factors determin- 
ing the rate and degree of hydrolysis 
are emulsification by bile and the 
splitting action of intestinal lipases.’ 


some 


most problems ; 


from 


The palmitic acid ester of Chloro- 
myeetin*® was made available for this 
study. It was supplied as a custard- 
flavored suspension of Chloromycetin 
Palmitate containing 125 mg. of 
Chloromycetin base per 4.0 ¢.c. The 
use of this product in children has 


From the Ben Taub Infectious Diseases 
Laboratory, Jefferson Davis Hospital; the De- 
partments of Medicine and Pediatrics, Baylor 
University College of Medicine; and the De- 
partment of Clinical Investigation, Parke, 
Davis & Company. 

*Pediatric Chloromycetin Palmitate Sus- 
pension was supplied by the Department of 
Clinical Investigation, Parke, Davis & Com- 
pany, Detroit, Mich. The esterified product 


contains 57.6 per cent Chloromycetin. 





been reported to be well tolerated and 
therapeutically effective.* * * 
PURPOSE 

This study was planned to deter- 
mine (1) the palatability and patient 
acceptance of Chloromycetin Palmi- 
tate Suspension by children and 
adults, (2) the time of peak serum 
levels following the administration of 
single doses, (3) the duration of 
serum levels, (4) serum levels in 
patients receiving multiple doses, and 
(5) the urinary excretion rate during 
the first twenty-four hours. All dose 
calculations were terms of 
Chloromyeetin equivalent (125 mg. 
Chloromycetin per each 4.0 e.c.). 


made in 


METHODS OF STUDY 


A total of seventeen children was 
selected at random from hospitalized 
patients who were moderately ill or 
econvalescing from acute infectious 
processes. Immediately following with- 
drawal of a control blood specimen, 
single oral doses of Chloromycetin 
Palmitate Suspension were adminis- 
tered to ten children without dietary 
restrictions. Subsequent blood speci- 
mens were taken at one-, three-, four-, 
eight-, twelve-, and twenty-four-hour 
intervals thereafter. The ages of this 
group ranged from 1 month to 11 
years and the drug dosage used was 
from 36 to 100 mg. per kilogram of 
body weight. 

Twelve children, ranging from 5 
months to 12 years of age, were 
placed on multiple dose schedules of 
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from 30 144 kilogram 


per day, dividing the total caleulated 


to ng. per 
dose into 4 to 6 doses during a twenty- 

No 
During a seven-day 


four-hour period. restriction of 
diet was ordered. 
period of continuous drug schedule, 
sufficient daily blood samples were 
drawn to reflect the 
serum levels attained in this group. 

Twelve adults (27 to 68 years of 


all 


from a variety of illnesses, were given 


relative drug 


bed patients, convalescing 


age), 


single oral doses of Chloromycetin 
Palmitate Suspension of from 5 to 
40 mg. per kilogram. Blood serum 


levels were determined at one-, three-, 


six-, eight-, twelve-, twenty-four-, and 


forty-eight-hour intervals following 


the drug. Two normal adults re- 
ceived 50 and 100 mg. per kilogram, 
respectively, and were sampled at 
one-half-, one-, three-, seven-, eight-, 


eleven-, twelve-, and twenty-four-hour 
intervals. Urinary excretion of drug 
the twenty-four-hour 
period of the 


colorimetric method in eleven of these 


during first 


test was estimated by 
adults. 

Blood specimens were allowed to 
clot, the serum separated, and stored 
at 42° F. for two to three days, or 
frozen if held 
Urine specimens were held at 42° F. 
and tested hours 
after collection. 


for longer periods. 


within forty-eight 


A eolorimetric method, deseribed 


by Glazko and associates,° was em- 
ployed for determining the drug con- 
centration in serum and, in many 
instances, those levels were compared 


to levels assayed by a microbiologic 


method.** The former method de- 
*A portion of the colorimetric assays and 


all microbiologic assays were performed at the 
Research Laboratories, Parke, Davis & Com- 
pany, Detroit, Mich. The majority of the 
colorimetric assays were done in Ben Taub 
Infectious Diseases Laboratory, Jefferson Da- 
vis Hospital, Houston, Texas. 


OF PEDIATRICS 
pends upon the reduction of nitrate 
groups with metallic zine and sub- 
the 
employs a 


sequent diazotization: micro- 


biologie assay method 
strain of Shigella sonnei as test or- 
ganism and is based upon turbidi- 
metric readings. Inactive degrada- 
tion products of Chloromyeetin are 
distinguishable from active 
Chloromycetin by the colorimetric 
technique, and consequently give 
higher values than the turbidimetric 


not 


method, particularly as the period 
of testing increases and the degrada- 
tion products of Chloromyecetin acecu- 
mulate. This variance of results ob- 
tained by two methods has been dis- 
cussed other With 
eareful technique, either test would 
seem to 
of determining the relative amount of 


by authors.* * 


serve as a reliable method 


drug being absorbed. 


RESULTS 

The comparison of Chloromycetin 
blood levels done by colorimetrie and 
turbidimetric methods is summarized 
in Fig. 1, Table I. These levels are 
averages of four adults who received 
12 to 15 mg. per kilogram at a single 
dose. The levels 
determined by the colorimetric are 
slightly higher than those determined 
by the microbiologic assays. In this 
difference was 6 


Chloromyeetin 


series the greatest 
pe per milliliter. 
In Fig. 2, Table IT, blood 
following single oral doses in adults 
are presented. Absorption of drug 
is demonstrated at one hour after the 
dose, with peak levels occurring in 
the third-hour sample. <A group of 
patients receiving 12 to 40 mg. per 
kilogram presented significant Chloro- 
mycetin blood levels as late as twelve 


levels 
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A comparison of results following 
the administration of a single oral 
dose in children and adults (Figs. 2 
and 3) suggests that adults require 
less drug than children on a weight 
basis to attain comparable drug 
serum levels. In general, the larger 
doses produce higher blood levels. 


following the single dose of 
drug. Table II also shows the urinary 
excretion estimates to be relatively 
comparable following 40, 50, and 100 
kilogram, indicating that ex- 
not be utilized to a 
of 40 to 50 


hours 


mg. per 
cess drug may 
maximum beyond doses 
mg. per kilogram. 





TABLE I. CHLOROMYCETIN PALMITATE, ORAL SINGLE DoSAGE TO ADULTS 12 To 15 Ma. 
(CHLOROMYCETIN EQUIVALENT) PER KILOGRAM 
HOURS AFTER | _— 
DOSAGE 1 3 6 8 12 
Colorimetric 13.0 ng/ml. 11.6 pg/ml. 10.0 ug/ml. 9.6 ug/ml. 5.0 ug/ml. 
Microbiologie 10.0 ug/ml. 7.0 »g/ml. 4.5 pg/ml. 3.6 ug/ml. 2.5 ug/ml. 
Difference 3.0 ug/ml. 4.6 pg/ml. 5.5 ug/ml. 6.0 ug/ml. 2.5 pg/ml. 
Chhromycetin Palmital 


L215 mg/kg Orally, Single Dose (4 adults) 


Comparison of Serum Levels b 
Chemical and Microbiwlogic tpode 


— Cherucal 


e— Murobiologic 





Fig. 


Results following administration of 
single doses of Chloromycetin Palmi- 
tate Suspension in children are pre- 
sented in Fig. 3 and Table III. The 
peak levels with moderate dosage (36 
to 75 mg. per kilogram) were reached 
by the fourth hour. A larger dose 
(100 mg. per kilogram) produced pro- 
gressive increase in blood levels until 
about the eighth hour. Children re- 
ceiving 75 and 100 mg. per kilogram 
had appreciable levels twelve hours 
following the administration of drug. 
The twelve-hour levels following 
doses of 36 to 50 mg. per kilogram 
were quite low. 


The administration of 100 mg. per 
kilogram in both children and adults 
tended to produce a more sustained 
level rather than increasing the initial 
peak level. 

In Table IV, Fig. 4, blood levels 
following continuous multiple doses 
Doses of from 30 to 
mg. per kilogram per day, in 
divided portions, resulted in main- 
tenance of levels which are considered 
to be of significant value. Relatively 
high serum levels follow the use of 
144 mg. per kilogram per day, in 
divided doses, and microbiologic 
assays confirm the colorimetric values. 


are recorded. 
5D 
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Chloromycetin Palmitate -- Serum levels 
Sollowing single oral doses in adults 


35 40 ma/kq 











Fig. 2 
; ee eee ze ye coe 24 7 
Hours 
Chloromycetin Palmitate -- Serum levels 
Jollowung single oral dosesin children 
25 
Po a mg/ kg 
20+ 
Fig 


NS SN 75 mg/kq 











aga 50 ma/kq 
——=Ew = i Y Soe Bn —— = 
6 z 70 4/2 a 24 
Hlours 
Chloromycetin Palmitate 





Multiple Doses 
- Orally 


*(Hucrobwtogic ) 






aol 144 mg/kg/day (Colorumetric ) 


90-55 mg/kg/day (Colorunetric) 




















PATIENT] 


AGE |M 
L.S. 52 
Sm. 36 
B. 43 
W. 68 
E. 30 
G. 32 
R. 27 
A. 46 
J 60 
C. 62 
_ * 35 
H. C 43 
*5 hr. #7 hr. 
TABLE ITT. 
PATIENT J 
St. i 
Bo. 5 
Or. 3 
Du. 7 
Ma. 5 
Ga. 7 
An. 11 3 
Wa 2 
Eb. 7 
SL. 5 


*—Microbiolgic. Others by colorimetric. 


TABLE IV. 


TABLE II, 


AGE 
9 yr. 
8 yr. 
yr. 
yr. 
yr. 
yr. 
mo. 


_ 
pototo~ 


2S 


au 


ipo = 


40 
50 


100 


til 


w 
( 


KG. CONTROL 
Colorimetric 
Microbiologie 
Colorimetric 
Microbiologic 
Colorimetric 


Microbiologic 


Colorimetric 
Microbiologic 
Colorimetric 
Microbiologie 
Colorimetric 
Microbiologie 
Colorimetric 
Microbiologie 
Colorimetric 
Microbiologie 
Colorimetric 
Microbiologie 
Colorimetric 
Microbiologie 
Colorimetrice 
Microbiologie 
Colorimetric 
Microbiologie 


hr. 


a“ 


So x 


~AOonKR OK OK OX 


1 


“A bor 


x—Not determined. 


| 


MG./KG. CONTROL 
36 0 
36 0 
50 0 
50 0 
50 0 
75 0 
75 0 
75 0 

100 0 
100 0 





S| 


1 
9 


CHLOROMYCETIN PALMITATE, SINGLE DosE, ORAL, TO ADULTS 


uG/ML. IN SERUM 


~ HOURS AFTER DOSAGE — 
aT ] 8 





| PER CENT EX- 


| CRETED FIRST 


3i¢ 8 | 12 | 24 | 48 | 24 HR. 
x x x x x x x 
3 3 4 0 
8 4 3 2 0 x 15.0 
x x x x x x 
8 8 6 4 1 1 38.0 
8 x 4 3 x x 
14 ll 8 6 60.0 
7 + 3 2 x x 
14 0 x 85.0 
x x 
13 10 15 10 #10 3 30.0 
6 5 4 x x x 
29 12 10 x 2 x 67.0 
x x x x 
22 13 8 4 0 0 80.0 
x x x x x x 
B22 621° 15 «15 3 x 58.0 
x =“ s&s x x 
30 20 23 13 6 x 22.0 
x x x x x 
23 18 10 0 x 23.0 
x x x x x 
30 32t x 34t 10 x 29.0 
x xt a3 x 
Average 46.0 





uG/ML. IN SERUM 


HOURS AFTER DOSAGE _ 


CHLOROMYCETIN PALMITATE, SINGLE DOSE, ORAL, TO CHILDREN 


3 | 4] 6] 8 | 12 | 24 | 48 
x x 

12/8* x x 
14 2 0 0 x 

13 10 2 0 x 

13 7 2 2 x 

36 24 16 0 x 

25 14 8 45 x 

30 19 s 2 x 

2 34 26 5 x 

13 16 16 4 x 


x—Not determined. 


CHLOROMYCETIN PALMITATE, MULTIPLE DOSE SCHEDULE, ORAL 


Bioop SERUM LEVELS 


| DOSE 
EIGHT | SCHED- MG./ 
KG. ) ULE |KG./DAY 
25 = «q. thr. 30 
32s q. 6hr. 31 
21.8 q. 4hr. 34 
11.8 q. 6hr. 42 
34 = q. 4hr. 44.1 
11 q. 6 hr. 45 
7.3 q. Shr. 51 
4.5 q. 6hr. 55 
Average 
6.8 q.6hr. 144 
5.2 q.6hr. 144 
9 q.6hr. 144 
11.2 q.6hr. 144 


DAYS 
1 2 3 4 
9 7.5 5.5 7.5 
5.5 6.5 11 7.5 
16 13.5 5 11.8 
11 6 7 
14 13 6 5 
18.5 21 25 9.5 
26.5 22 
21.5 14 es 
15.2 12.9 9.9 - 
37/33* 
31/26* 
49/42" 
Average 40/34" 





*Colorimetric/Microbiologic. 





x—Not performed. 


FOR CHILDREN. 


6 


lien Bed! 
we 


ou 


31/27* 
53/40* 
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THE 


CONCLUSIONS 
1. Chloromyeetin Palmitate Suspen- 
found to practical 
for administration of 
Chloromyeetin to children 
adults who may require a palatable 
liquid form of this drug. 


sion was be a 
preparation 


and to 


2. Evidenee of intolerance and 


toxie reactions was not observed in 
this series of patients. 

3. In children, peak blood levels 
four after 
ceiving the drug and significant levels 
were maintained through the sixth to 
eighth hour. After the eighth hour, 
a gradual fall of the blood level curve 


were observed hours re- 


was evident. Single doses of 75 mg. 


gave significant levels 


administration ; 


per kilogram 


twelve hours after 
100 mg. per kilogram gave significant 
levels the twelfth and 


eighteenth hour period. 


between 


4. Adults seemed to reach signifi- 


eant levels rapidly, and attained 


higher levels than did infants on a 


milligram per weight basis. 
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5. Urinary excretion estimates in- 
dicate a 46 per cent excretion during 
the first twenty-four hours. 

6. These studies indicate that satis- 
factory blood levels would be at- 
tained in children following 50 to 100 
mg. Chloromycetin base per kilogram 
per day, divided into four or six 
doses throughout a twenty-four-hour 
period. 
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MODE OF ACTION OF STREPTOMYCIN IN RELATION TO THE 
CHANGES IN SPINAL FLUID SUGAR IN TUBERCULOUS 
MENINGITIS 
|. THe RoLeE or STREPTOMYCIN* AS A REDUCING AGENT AND THE SPECIFICITY OF 
rHE SHAFFER-HARTMANN METHOD FOR DETERMINING ‘‘ TRUE GLUCOSE’’ WHEN 
Tus AntTiBIoTIC Is USED (IN VITRO EXPERIMENTS) 

First LIEUTENANT Ropert H. FrRImepMAN, MepicaL Corps, UNITED STATES 
ArMy,** ANp ALEXIS F. HARTMANN, M.D. 
Sr. Louis, Mo. 


WITH THE TECHNICAL ASSISTANCE OF Mrs. HeErMA Wo tr, Miss Marte Morton, 
AND Mrs Rutu B. GERsSTUNG 








TREPTOMYCIN has the following 
structural formula (Fig. 1), eas- 
ual inspection of which reveals a glu- 
1948, 


coselike Since 
there have been reports which would 
indicate that the rise in spinal fluid 
sugar, after intrathecal therapy with 
streptomycin in tubereulous menin- 


component. 


gitis, was not true glucose but see- 











after ten days a slow rise of the 
spinal fluid sugar to normal. (b) 
After treatment was discontinued for 
a ten-day period, there was a slow fall 
in the cerebrospinal fluid (C.S.F.) 
sugar to values as low as obtained 
prior to therapy. (¢) When strepto- 
mycin was given by the lumbar route 
(0.03 Gm. I.T. every day) in eases of 





ondary to the chemical action of © spinal block, the lumbar spinal fluid 
NH 
i} cH 
NHoCNH we 
: | 
CH 
= : a“ CH NHCH 
HOHC CHOH Hi 
NH HCOH 
" H 
CHOH 0 CH H 
I 
CHDOH 
Fig. 1.—Structural formula for streptomycin. 


streptomycin as a reducing agent." * 
For example, the observations of Al- 
varo and Nicola? may be summarized 
In the treatment of 
0.03 
Gm. intrathecally (1.T.) administered 


as follows: (a) 


tuberculous meningitis with 


streptomycin daily, there was noted 


From the Department of Pediatrics, Wash- 
ington University School of Medicine, and the 
St. Louis Children’s Hospital. 

: “Epreptemeete calcium chloride, Merck & 
o., Ine. 

**Work done 

sician at the St. 


while Senior Resident Phy- 
Louis Children’s Hospital. 























sugar was found elevated, whereas 
that of the ventricles was still low. 
(d) It was demonstrated that 
varying concentrations of streptomy- 
cin solutions would give ‘‘false val- 
ues’’ for sugar by the Hagedorn-Jen- 
sen method. Blank runs of similar 
small amounts of streptomycin would 
equal 12 to 31 mg. per 100 ml. of 
glucose, depending on the lot and 
type of streptomycin used. It was 
concluded that the apparent rise in 


also 
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the C.S.F. glucose in tuberculous men- 
ingitis was due to streptomycin or 
its breakdown products acting as 
glucoselike reducing substances 
‘ather than to true sugar. 

To test their hypothesis, the follow- 
ing in vitro experiment was devised. 
All determinations were done by the 
Shaffer-Hartmann method as modified 
by Somogyi. 

In Part A, stock solutions of strep- 
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By examining the results (Table I 
and Fig. 2), it can be seen that there 
is a direct relationship between the 
concentration of streptomycin in the 
‘filtrate’? and ‘‘glueose equivalent.’’ 
As noted in Table I, as little as 0.5 
mg. per milliliter of streptomycin has 
a ‘‘glueose equivalent’’ of 13.8 mg. per 
100 ml. if precipitation of the non 
glueose reducing substance is not first 
effected with copper sulfate and _ so- 











tomycin in distilled water, ranging dium tungstate. 
12, ss - 5 
| A 4 A=STREPTOMYCIN SOL WITHOUT USING PRECIPITATING 
tt L , REAGENTS 
B= STREPTOMYCIN SOL. WITH PRECIPITATING REAGENTS | 
S-'t= SCN SOL. SO MG/ML 
10} 8-2* SCN SOL 25 MG/ML 
w | 8-3= SCN SOL. 10 mGs ML | 
= B-4= SCN SOL. 5S MG/M | 
3 || 
Q 8 ‘ 
x 
- | x 
2 " xB B-2 
8 a | 
z | x 
g sf 
S| 
> 4} 
co | / 
° | 2 
i 3r 
2 
® x 
| er B-s 
* x 
x ® 
1} x 
aa B-« 
ae i ———* i 1 i 1 1 1 nl J 
° 1 2 3 a 5 6 7 8 b=] ° 
MG. STREPTOMYCIN IN *FILTRATE* 
Fig. 2.—Titration of streptomycin solution with 1/200 N thiosulfate. 


0.025 to 50 mg. per milliliter, 
unknown solu- 


without 


from 


were substituted as 


tions and run as ‘‘filtrate’’ 
precipitation by copper sulfate and 
Stock solutions in 
1:10 dilution were made to simulate 
conditions in the usual Shaffer-Hart- 
Results are tabu- 
since 
streptomycin is not a true sugar.* 


sodium tungstate. 


mann procedure. 


lated as ‘‘glucose equivalents”’ 


*Various concentrations of streptomycin in 
distilled water and in C.S.F. have been fer- 
yeast. Streptomycin is nonfer- 


mented by 
mentable. 





In Part B, stock solutions of com- 
parable dilutions of the antibiotic 
were tested by the Shaffer-Hartmann 
method after addition of 5 per cent 
copper sulfate and 6 per cent sodium 
tungstate to precipitate nonglucose 
reducing substances from _ solution. 
It was found that the amount of 
streptomycin removed from solution 
depended on its concentration in the 
original stock solution. The results 
tabulated (Table II and Fig. 2) show 
that under 5 mg. per milliliter strep- 











FRIEDMAN ET AL: 
myein no longer gives a ‘‘glucose 
juivalent’’ by the Shaffer-Hartmann 
iethod. Table III compares identical 
tock solutions of streptomycin with 
nd without precipitation by copper 

sulfate and sodium tungstate and 

illustrates the marked difference in 


TABLE I. 


STREPTOMYCIN STREPTOMYCIN 


TUBERCULOUS MENINGITIS 





5 
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‘‘glucose equivalents’’ by the two 
methods. 

Such results would indicate that 
streptomycin in the _ physiological 
range (below 0.5 mg. per milliliter to 
1 mg. per milliliter) does not invali- 
date true glucose determination by 


STREPTOMYCIN* SOLUTIONS TITRATED WITHOUT PRECIPITATING REAGENTS 


" GLUCOSE 
EQUIVALENT 


STOCK SOLUTION AS | STREPTOMYCIN 1/200 Nn OF ORIGINAL 
SOLUTION 1:10 FILTRATE DETERMINED THIOSULFATE STOCK SOLUTION 
(MG./ML. ) (ML, ) ( MG.) (ML. ) (MG./100 ML. ) 

50.0 1 5.0 11.39 1,323 
25.0 1 2.5 5.36 644 
10.0 1 1.0 2.24 278 
5.0 3 1.5 3.22 131 
2.5 3 0.75 1.61 66 
1.0 5 0.50 1.22 32 
0.50 5 0.25 0.47 14 
0.25 5 0.125 0.23 8 
0.10 5 0.05 0.13 0 
0.05 5 0.025 0.10 0 
0.025 5 0.0125 0.10 0 


*Streptomycin Merck 


TABLE IT. 


STREPTOMYCIN 
SOLUTION 
AS 1:10 
FILTRATE 


STREPTOMYCIN 
STOCK 
SOLUTION 


APPAREN 


DETERMIN 


MG./ML. ) (ML.) ( MG.) 
50 1 5.0 
25 3 7.5 
25 2 5.0 
25 1 2.5 
10 4 4.0 
10 3 3.0 
10 1 1.0 

5 5 2.5 
5 2 1.0 


TABLE III. 
PRECIPITATING 


STOCK STREPTOMYCIN 
SOLUTION IN 1:10 
STREPTOMYCIN FILTRATE 
(MG./ML., ) (MG, ) 
50.0 5.0 
25.0 2.5 
i0.0 1.0 
5.0 1.5 
2.5 0.75 


(calcium chloride complex), 


STREPTOMY 


*Streptomycin Merck (calcium chloride comple 


GLUCOSE EQUIVALENTS OF STREPTOMYCIN* WITH AND WITHOUT 


lot number 2141. 


STREPTOMYCIN* SOLUTIONS TITRATED WITH THE PRECIPITATING REAGENTS 


APPARENT 


1/200 N GLUCOSE 


T THIOSULFATE EQUIVALENT 
CIN FOR OF ORIGINAL 
ED TITRATION STOCK SOLUTION 
(ML. ) (mG./100 ML.) 
6.68 790 
8.05 317 
4.67 282 
2.23 276 
1.43 45 
1.00 43 
0.20 35 
0.20 0 
0.10 0 
x), lot number 2141. 
THE 
REAGENTS 
GLUCOSE EQUIVALENTS 
(PART A) (PART B) 
WITHOUT WITH 
PRECIPITATING PRECIPITATING 
REAGENTS REAGENTS 
(mG./100 ML.) (maG./100 ML.) 
1,323.0 790.0 
643.5 276.3 
277.5 35.0 
130.8 0 
66.25 0 





*Streptomycin Merck (calcium chloride 








complex), lot number 2141. 
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the Shaffer-Hartmann technique. Al- 
though our data were obtained with 
the antibiotie in 
similar results were 
fluid solu- 
that the 
obtained 


serial dilutions of 
distilled 
noted in 


water, 
normal spinal 


We 


‘glucose equivalents’’ 


tions.* can conclude 
high 
by Alvaro and Nicola? were in part 
due to the Hagedorn-Jensen method 
of precipitating protein and other in- 
That method, 


terfering substances. 


therefore, would not seem reliable for 


determining true sugar in the pres- 


ence of streptomycin. 


SUMMARY 
Streptomycin’s chemical action as 
a reducing agent does not invalidate 


*When spinal fluid was incubated at 37° C 
in combination with streptomycin 1 mg. per 
milliliter, some breakdown of the streptomycin 


molecule was noted at the end of ten days 
which amounted to 10 mg. per cent of non- 
glucose reducing substance This would have 
very little effect in vivo, as streptomycin dif- 
fuses rapidly from the spinal fluid system 
(see Part II of this paper). Additional ex- 
periments in vivo were carried out with this 


in mind, and never could a nonglucose reduc- 
ing substance attributable to intrathecal strep- 
tomycin be recovered from the spinal fluid. 
(See Part II of this paper.) 
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true glucose determinations (in vitro 


by 


the Shaffer-Hartmann method 


when the concentrations of this anti 


biotie 


are within the physiological! 


range. 


1. 


. Somogyi, M.: 
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MODE OF ACTION OF STREPTOMYCIN IN RELATION TO THE 


CHANGES IN SPINAL FLUID SUGAR IN TUBERCULOUS 
MENINGITIS 
II. OBSERVATIONS ON THE EFFECT OF INTRATHECAL STREPTOMYCIN TREATMENT 
ON THE CEREBROSPINAL FLUID SUGAR IN TUBERCULOUS MENINGITIS 


First LIEUTENANT Rosert H. FriepMAN, Mepicau Corps, UNITED States ARMy,* 
Don L. Tuurston, M.D., ANp ALExIs F. HartMann, M.D. 
Sr. Louis, Mo. 


With THE TECHNICAL ASSISTANCE OF Mrs. HermMA Wo tr, Miss DELORES MINIKIS, 
Miss Marre Morton, AND Mrs. Rutu B. GERSTUNG 


EVERAL observers have noted the 

rise in cerebrospinal fluid sugar 
after treatment with streptomycin in 
tuberculous meningitis.’ *»* In some 
instances they have reported that the 
fluid had 
correlation with the apparent clinical 
the ‘ Different 
theories concerning this rise will be 
Part III. 
we will note our findings without at- 


spinal sugar little or no 


course of disease," ?» 


discussed in In this seetion 
tempting to designate the mechanism 
involved. 

Two groups of patients were ob- 
served quite closely after intrathecal 
streptomycin therapy for test periods 
of twelve to twenty-six hours. Blood 
and spinal fluid glucose and strepto- 
myein levels were determined at fre- 
quent intervals during these periods, 
as indicated. The grouping of pa- 


tients designated as follows: 
Group A—patients who had no pre- 
treatment with 


cin, intratheeally; Group B—patients 


was 


vious streptomy- 


who had previous subcutaneous and 
intratheeal streptomycin. 


Procedure.—Each C.S.F. (eerebro- 
spinal fluid) sample was analyzed by 
the two methods outlined below: 

From the Department of Pediatrics, Wash- 
ington University School of Medicine, and the 
St. Louis Children’s Hospital. 

*Work done while Senior 


Resident Phy- 


sician at the St. Louis Children’s Hospital. 


discontinued for a 
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Method 1—Shaffer-Hartmann tech- 
nique as modified by Somogyi.® 

Method 2—The following procedure 
was devised to determine ‘‘true glu- 
eose.’’ A 1:10 dilution of spinal fluid 
was made in a volumetric flask, and 
aliquots were tested as below: 

(a) 5 ml. were used as filtrate and 
the sugar content determined as above 
(Method 1). 

(b) 5 ml. were fermented by yeast® 
and then treated as filtrate and sugar 
determined by Method 1. Therefore, 
a-b gave the value of ‘‘true’’ spinal 
fluid glucose. Since the precipitating 
reagents were not used in Method 2, 
this procedure gave a more accurate 
value for true sugar. As streptomycin 
is not fermented by yeast,’ false values 
secondary to this antibiotic would have 
been apparent. The ‘‘true’’ sugar 
values differed only by +6 mg. per 100 
ml. from the results obtained by the 
Shaffer-Hartmann technique. 





GROUP A. PATIENTS WITHOUT PREVIOUS 
TREATMENT WITH I.T. STREPTOMYCIN 
Two patients with tuberculous men- 

ingitis who had no previous therapy 

with intrathecal streptomycin were 

All other medications were 

forty-eight-hour 

period. Oral feedings were given as 
indicated in Figs. 1, 2, and 3. The 

calorie value of the feedings was di- 

vided equally over a twenty-four-hour 

period. 


followed. 
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Case 1.—B. P., a 22-month-old white 
female, had proved tuberculous men- 
ingitis as revealed by physical find- 
ings, positive tubereulin, low C.S.F. 
sugar, inereased C.S.F. protein, and 
acid-fast bacilli in the spinal fluid. 
Her meningitis was of two and one- 
half months’ duration. At the time 
of the test period, the spinal fluid was 
markedly xanthochromic with a pro- 
tein content of 416 mg. per 100 ml. 
Combined punctures with the instilla- 
tion of indigo carmine into the ven- 
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sis. The duration of her meningitis, 
as well as could be ascertained from 
the history, was one month. Acid- 
fast bacilli were found in the spinal 
fluid. 

Under the conditions outlined above, 
both patients were given 0.05 Gm. of 
streptomycin intrathecally between L- 
4 and L-5, after base-line chemical 
analyses were obtained. At frequent 
intervals the blood sugar, spinal fluid 
sugar, and streptomycin levels* were 
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block. The Queckenstedt test showed 
almost no rise on jugular compression. 
A block was postulated by the neuro- 
surgeons in the region of the fourth 
ventricle. 


Case 2.—D. L. was a 3-year-old 
white female who gave a history of 
contact with an aunt with massive 
pulmonary tuberculosis during the 
past year. Physical findings and 
spinal fluid chemical analyses were 
compatible with the diagnosis of 
tuberculous meningitis. She had a 
positive intradermal tuberculin test 
and evidence of right lower lobe 
tubereulous pneumonia and atelecta- 


cin was administered a second time to 
patient B. P. forty-eight hours after 
the first instillation. Results on pa- 
tients B. P. are graphed on Figs. 1 and 


*Streptomycin levels were determined by 
bacteriological assay using serial dilutions of 
the unknown solution in nutrient broth ad- 
justed to pH 7.6. The test organism used was 
an eighteen-hour growth of FE. coli (strain 
isolated in our laboratory, No. 64-68) that 
was inhibited by 0.1 gamma per cubic centi- 
meter of streptomycin and grew in 0.05 
gamma per cubic centimeter of streptomycin. 
Sterility controls, growth controls, and strepto- 
mycin solutions of known concentrations were 
utilized in the procedure. In Figs. 1 through 
5 and in the context of the paper, the C.S.F. 
streptomycin levels are given as the lowest 
figure in the range found by the above pro- 
cedure; e.g., if the level is 200 to 400 gamma 
per cubic centimeter, 200 gamma per cubic 
centimeter is the figure used. The highest 


possible level is always double the figure given 
in the graphs and the context. 











») 


on patient D. L. are graphed in Fig. 3. 


Results —After the first intratheeal 


streptomycin in patient B. P., there 
was a concomitant rise in the strepto- 
mycin level to 200 gamma per cubie 
centimeter and C.S.F. sugar to about 
100 mg. per 100 ml, at 
(Fig. 1) 


the spinal fluid sugar fell to pretreat- 


the end of 
three hours Subsequently, 
ment levels of 38 mg. per 100 ml. at 
nine hours and remained at this level 
for the next sixteen hours. Strepto- 
eubie 
then 


5 gamma per cubic centi- 


myein fell to 20 gamma _ per 


centimeter at nine hours and 
slowly to 
meter at the end of twenty-four hours. 
a graph of the second ad- 


Ok 


Fig. 2 is 
ministration of (im. of strepto- 
to patient B. P. On this 


oceasion the rise in the streptomyein 


mycin IT. 


level to 100 gamma per ecubie ecenti- 
meter occurred at two hours, whereas 
the C.S.F. glueose did not rise until 
seven hours and then reached 105 mg. 
per 100 ml. After seven hours the 
C.S.F. sugar came down to pretreat- 
ment levels. Since the highest con- 
centration of the antibiotie vecurred 
five hours before the rise in spinal 
fluid sugar, this would offer further 
proof that its action as a reducing 
agent was not responsible for the rise 
in C.S.F. sugar. An analysis of the 
blood findings in the 
me. fall of 


$5 mg. per 100 ml. when the spinal 


ease ol 


30 to 


sugar 
reveals an initial 
fluid sugar was rising to its peak. 


In Fig. 2 the blood sugar was 25 mg. 


per 100 ml. lower than the C.S.F. 
sugar at the time the spinal fluid 
sugar was at its maximum, This is 


not surprising since there is a lag of 
two to four hours between the blood 
attaining an 


C.S.F. system in 


At the end of twenty- 


and 
equilibrium.* 
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2. Results after intrathecal therapy 
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four hours the blood sugar gradually 
rose to the same level as at the onset 
of the experiment. 

The values of blood and spinal fluid 
sugar on patient D. L. are graphed in 
Fig. 3. In this subject the findings 
were in marked contrast to the pre- 
vious patient. The spinal fluid glu- 
cose rose slowly from the seventh to 
the twenty-first hour, and the total 
increase was 14 mg. per 100 ml. (from 
The blood 


sugar values, too, were quite different. 


19 to 35 mg. per 100 ml.). 


There was an initial drop of 14 mg. 
per 100 ml. lasting seven hours and 
then a rise that parallels the C.S.F. 
sugar to a peak of 160 mg. per 100 ml. 
(inerease of 42 mg. in eighteen hours). 
The blood then 
until it reaches 115 mg. per cent at 


sugar begins to fall 
the end of twenty-five and one-half 
hours. The concentration of strepto- 
myein at its maximum level in three 
hours was only 5 gamma per cubic 
centimeter. 
GROUP B. C.S.F. SUGAR IN CHRONIC TU- 
BERCULOUS MENINGITIS AFTER PRO- 
LONGED TREATMENT WITH INTRA- 
THECAL AND PARENTERAL 
STREPTOMYCIN 

The first two eases deseribed, B. P. 
and D. L., did not 
streptomycin prior to 


have intrathecal 
the experi- 
mental period. They were rather 
vigorously controlled, in that no other 
medieations were given during the 
test period. 

However, because treatment of the 
patient has always been the major 
objective, we were not able in all in- 
such well-regulated 


stances to have 


experiments. The following data are 
presented with the supposition that 
influence 


other medications did not 


our results. 
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The three patients to be discussed 
had three to eight months of intensive 
treatment with parenteral dihydro- 
streptomycin, 1 Gm., and intrathecal 
streptomycin, 0.05 Gm. every day. 
The C.S.F. sugar was initially 10 to 
18 mg. per 100 ml. and after four to 
eight weeks of treatment rose slowly 
to 25 to 30 to 45 100 
Despite six to ten more months of 


meg. ml. 


per 


treatment, all three children gradually 


became worse and developed con- 


siderable internal hydrocephalus. 
The histories of the patients will be 
briefly reviewed. 
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chemical analyses and C.S.F. cell 
counts were compatible with the diag- 
nosis of tuberculous meningitis. Sub- 
sequently, acid-fast bacilli were found 
in the spinal fluid. Treatment con- 
sisted of 1 Gm. of dihydrostreptomy- 
cin intramuscularly daily for three 
months and two courses of intrathecal 
streptomycin from March 11 to April 
8, 1949, and July 3 to Aug. 10, 1949. 
The C.S.F. sugar after four weeks of 
therapy averaged 40 to 50 Gm. per 
100 ml. 

She was followed as an outpatient 
until Dee. 27, 1949, when her illness 
became more severe, as indicated by 
temperature rise, headache, vomiting, 
and at that time she was readmitted 
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Fig. 


Case 3.—L. S. was first admitted to 
the St. Louis Children’s Hospital on 
March 7, 1949, at 4 years of age. 
For the previous two and one-half 
years she had been followed in the 
outpatient clinie with an infiltration 
in her chest thought possibly to be 
pulmonary tuberculosis. 

At the time of admission the tuber- 
culin test was positive, and the C.S.F. 
sugar was 31 mg. per 100 ml. Other 





LOT NUMBER 2141-—— 


4. 


to the hospital. From Jan. 2 to April 
9, 1950, she received an additional 
sixty days of treatment with intra- 


TABLE I 


C.S.F. GLUCOSE 
MG. PER 100 


PROTEIN 
MG. PER 100 


DATE ML. ML. 
12/27/49 7.0 114.5 
12/29/49 7.0 112.0 

1/ 4/50 7.0 118.3 
1/ 6/50 11.7 
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theeal streptomycin. The spinal fluid 
chemical analyses prior to the test 
period on Jan. 12, 1950, are shown in 
Table I. 

In addition to intrathecal strepto- 
mycin treatment during this period, 
she received intramuscular di- 
hydrostreptomyein 0.25 Gm. b.i.d., 
Promizole 0.5 Gm, q.i.d., and para- 
aminosalicylie acid 2 Gm. t.id. On 
Jan. 12, 1950, twenty-four hours after 
previous intratheeal therapy, she re- 
ceived 0.05 Gm. of streptomycin intra- 
theeally. C.S.F. streptomycin and 
sugar levels and blood sugar were fol- 
lowed at two, six, and twelve hours 
after L.T. streptomycin. These values 
are graphed on Fig. 4. There was no 
rise in the C.S.F. sugar above 10.7 
mg. per 100 ml. during this interval. 


also 


TABLE 
DATE c.S.F. GLUCOSE 
9/ 1/49 to 10/10/49 Averaged 18.0 
ll/ 8/49 24.0 
11/17/49 29.8 
11/23/49 28.5 
11/30/49 34.5 
12/ 5/49 (9 P.M. — 
12/ 6/49 (9 A.M. a 
(4 P.M. 93.5 
12/14/49 $4.0 
12/16/49 38.0 
l 1/50 50.0 
1 1/50 to 5/6/50 Averaged 50.0 

The C.S.F. streptomycin concentra- 


tion reached a peak of 200 gamma per 
eubie centimeter at two hours and 
then rapidly fell in six hours to 20 
gamma per ecubie centimeter and in 
twelve hours to 5 gamma per cubic 
centimeter. 

After eight weeks of I.T. strepto- 
myein therapy, her C.S.F. glucose 
rose to 30 mg. per 100 ml. Neverthe- 
less, she expired on May 5, 1950. 
Autopsy findings revealed a tubereu- 
loma in the hypothalamus near the 
optie tract. There was advanced 
internal hydrocephalus with slight 


lymphocytic infiltration in the spinal 
arachnoid tissue. 
the 


The arachnoid over 


cerebellum revealed marked fi- 
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brous thickening and lymphocytic 
infiltration. 


Case 4.—M. M., aged 2 years, was 
first admitted on Sept. 1, 1949, and 
discharged on May 6, 1950. The diag- 
nosis of tuberculous meningitis was 
made by the criteria listed above. 
After hospital admission she received 
three months of intrathecal strepto- 
mycin (0.05 Gm. every day) and eight 
months of parenteral dihydrostrepto- 
mycin (1 Gm. every day). From Nov. 
3 to Dee. 4, 1949, LT. streptomycin 
was temporarily discontinued. From 
Dee. 5 to 12, 1949, 0.05 Gm. of strepto- 
mycin was given intrathecally twice 
a day. Table II is a reeord of the 
C.S.F. sugar and LT. streptomycin 
therapy during this interval. 


MG./100 ML.) I.T. STREPTOMYCIN (GM. ) 
0.05 Gm. every day 


No I.T. streptomycin from 


11/3/49 to 12/5/49 
0.05 
0.05 
( blood sugar 0.05 
141 mg./100 
ml.) 
From 12/6/49 to 12/12/49 
0.1 Gm. every day 


From 12/14/49 to 1/1/50 
0.05 Gm, every other day 


The data on M. M. show a gradual 
inerease in C.S.F. sugar under treat- 
ment starting at eight weeks until 
relatively normal levels were reached 
(38 to 50 mg. per 100 ml.) at the end 
of twelve weeks. The most interest- 
ing feature, however, is the marked 
rise of C.S.F. sugar seven hours after 
[.T. streptomycin on Dee. 6, 1949. On 
this oceasion, I.T. therapy was rein- 
stituted after being discontinued for 
four weeks. The rise came after 0.1 
Gm. of streptomycin was given in the 
nineteen-hour period. Prior to this, 
the C.S.F. sugar was never over 34 
mg. per 100 ml. Now it reached 93.5 
mg. with a blood sugar of 141 mg. per 
100 ml. Unfortunately, no details are 
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known in this instance, but the trend 
seems to be comparable to those of 
D. L. and B. P., with an increase of 
C.S.F. sugar oeceurring after intra- 
theeal therapy. 

On Dee. 13, 1949, twenty-four hours 
after previous intrathecal therapy, 
base-line levels of streptomycin, blood, 
and C.S.F. sugar were obtained. Then 
0.05 Gm. of streptomycin was given 
..T. and the results of these values 
determined two, six, and twelve hours 
after treatment, as shown in Fig. 5. 
There was an increase in the C.S.F. 
sugar of 10 mg. per 100 ml. at six 
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For the first five weeks of hos- 
pitalization, he received I.T. strepto- 
myein 0.05 Gm. every day. Subse- 
quently, L.T. therapy was given every 
other day until death twenty weeks 
after admission, on Aug. 12,1951. He 
also had dihydrostreptomycin 1 Gm. 
every day (except from July 16 to 
21, 1951) until one week prior to 
death. P.P.D.* was given during the 
last week of life in the lumbar region. 
Tibione, 40 mg. every day, was used 
in conjunction with the other anti- 
tuberculous treatment. 

The C.S.F. sugar levels are given in 











hours. At two hours the coneentra- Table IIT. 
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Fig. 5. 
tion of streptomycin reached 500 TaBLe III 
gamma per cubic centimeter. Fr SUGAR 
On Jan. 11, 1950, pneumoencephalo- (ma./100 (ma@./100 
grams revealed communicating hydro- DATE ML.) DATE ML.) 
cephalus. 3/30/51 23.0 5/17/51 72.5 
” : - 4/ 2/51 28.4 6/ 8/51 75.0 
Case 5.—C. M., 8-year-old Negro 4/ 4/51 25.4 6/11/51 69.5 
male, was first hospitalized on March 4/ 6/51 26.0 6/23/51 72.0 
30,1951. At the time of admission he pyle ay Woah n 69.7 
gave a one month’s history of central je /s iy (/23/9 64.5 
: 2 << 4/24/51 55.0 8/ 6/51 54.0 
nervous system disturbance. Positive 4/27/51 58.0 8/12/51 Expired 
tubereulin, spinal fluid chemical analy- 5/ 1/51 59.5 
ses, and physical findings were com- 5/ 4/51 67.0 
patible with the diagnosis of tuber- : 
*Purified protein derivative—tuberculin— 


culous meningitis. 


Lilly’s. 
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After eighteen days of treatment 
the C.S.F. sugar inereased to 50 mg. 
per cent and remained at a normal 
level until death. This patient again 
illustrates that an increase of cerebro- 
spinal fluid sugar is not necessarily 
correlated with clinical improvement. 

On July 16, 1951, after all paren- 
teral and intrathecal streptomycin 
had been discontinued for twenty- 
four hours, 0.05 Gm. of streptomyein 
was given intrathecally. Blood and 
C.S.F. sugars were obtained as indi- 


JOURNAL 





OF PEDIATRICS 


In summary of eases L. S., M. M., 
and C. M., we note that all had three 
of 
parenteral and intrathecal streptomy- 
With the usual dose of 0.05 Gm. 
iy oe 


rapid increase of C.S.F. streptomycin 


months or more treatment with 


cin. 


of streptomycin there was a 
coneentrations to 200 to 500 gamma 
per cubie centimeter (cases L. S., and 


M. M.) within two hours and then a 


Rag nag rather rapid fall to 5 gamma per 
eated in Fig. 6. As shown, there was gre ~~ : - I 
verv little change in the C.S.F. sugar eubie centimeter in twelve to twenty 
nineteen hours after I.T. streptomyein. hours. Two eases, L. S. and C. M., 

1S 
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Fig. 6. 
The course of the patient’s illness showed very little variation in blood 
was downhill. He developed an in- and Car. sugars during the **test 


ternal hydrocephalus, became coma- 
tose, and expired on Aug. 12, 1951. 
Autopsy findings revealed the follow- 
ing: ecaseo-calcified nodules in the 
right bronchopulmonary tree and in 
the tracheobronchial lymph nodes; 
easeo-calecified nodules were found in 
the spleen and liver. There was a 
chronic basilar meningitis and _ in- 
ternal hydrocephalus. 





In the case of M. M.. how- 
ever, the streptomycin level reached 


period. ”’ 


a peak of 500 gamma per eubic centi- 
meter at the end of two hours, and 
there was a rise in the C.S.F. sugar 
per 100 ml. at the end of 
In addition, in ease M. M., 


of 10 mg. 
six hours. 


when streptomycin LT. was discon- 
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month and then 0.1 
(im. given in a twelve-hour period, 
seven hours after the last injection 
there was a rise of the C.S.F. sugar 


tinued for one 


to 93.5 mg. per 100 ml. and a rise of 
blood sugar to 141 mg. per 100 ml. 
this injection, the C.S.F. 
sugar was never over 34 mg. and sub- 


Prior to 


sequently never over 50 mg. per 100 
ml. 
SUMMARY 

1. Case histories and spinal fluid 
sugars are reviewed in five patients 
having tuberculous meningitis : 

a. Case 1, B. P., had a block at the 
region of the fourth ventricle. This 
patient did not have 
streptomycin therapy. 
2, D. 
tuberculous meningitis of one month’s 
duration. As in had 
been no prior treatment with strepto- 


b. Case L., had a history of 


Case 1, there 
myein intrathecally. 

L. S.; Case 4, M. M.; and 
had 


and 


ce. Case 3, 
Case 5, C. M.—all 
with I.T. 
streptomycin up to the test period. 


previous 
therapy parenteral 

2. In the two eases, B. P. and D. L., 
not having previous I.T. or parenteral 
streptomycin therapy, variable in- 
creases in the C.S.F. sugar were noted 
at intervals up to eighteen hours after 
treatment. 

3. In Case M. M. after I.T. 
tomycin had been discontinued for a 


strep- 


four-week period and then larger 
amounts given (0.1 Gm. instead of 
0.05 Gm.), there was a marked in- 


crease in the C.S.F. sugar. 

4. In Case C. M. 
gradual 
sugar eighteen days after I.T. and 
parenteral therapy were instituted. 
This did not correlate with clinical 
improvement because, as noted, the 


it was noted that 


there was a rise in C.S.F. 
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C.S.F. sugar remained elevated (with- 
in normal range) despite actual clin- 
ical deterioration and death. 

and C. M., 


after previous treatment with I.T. and 


5. In two eases, L. S. 


subeutaneous streptomycin, there was 
little C.S.F. 
sugar twelve to twenty-four hours 


very rise noted in the 
after intrathecal streptomycin ther- 
apy. 

In Case L. S., pretreatment levels 
of C.S.F. sugar and those during the 
test period were all near the low level 
of 10.7 mg. per 100 ml. In Case C. M., 
however, the levels prior to and dur- 
ing the test period were normal. 

6. Evidence is presented that strep- 
tomycin’s action as a nonglucose re- 
ducing substance is not responsible 
for the rise in spinal fluid sugar after 
intrathecal treatment with this anti- 
biotie. 

a. In Case B. P., the rise of C.S.F. 
(Fig. 2) 
after the peak of streptomycin con- 
centration in the C.S.F. 


sugar occurred five hours 
This inerease, 
would indicate 


that streptomycin’s effect as a non- 


being ‘‘true’’ sugar, 


agent is not the 
the inereased spinal fluid 


glucose reducing 
eause of 
sugar. 

b. Increases in the C.S.F. glucose in 
Cases B. P., M. M., and D. L., during 
the test periods were demonstrated to 
have been due to ‘‘true’’ sugar. 


CONCLUSIONS 
1. Streptomycin intratheeally causes 
a rise in the C.S.F. sugar in the ini- 
tial treatment of tuberculous meningi- 
tis. 


2. This rise is not always correlated 
with clinical improvement in the dis- 
ease process. 
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3. The increase in C.S.F. sugar is 
true glucose and is not due to strep- 
tomycin’s action as a nonglucose re- 
ducing substance. 

4. After treatment with streptomy- 
cin and further progression of the dis- 
ease process, variable results in spinal 


fiuid sugar are obtained after LT. 
streptomycin. 
We wish to thank Dr. J. Jaudon for use 
of data on his patient, C. M. 
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MODE OF ACTION OF STREPTOMYCIN IN RELATION TO THE 


CHANGES IN SPINAL FLUID SUGAR IN 
TUBERCULOUS MENINGITIS 


Ill. A THEoRY oF THE MopE or ACTION OF STREPTOMYCIN IN VIVO 
Wit A COMMENTARY ON THE CURRENT LITERATURE 
First LIEUTENANT Ropert H. FrrmepMAN, MepicaL Corps, UNITED STATES 


Army,* Don L. Tuurston, M.D., ANp ALExis F. Hartmann, M.D. 
Sr. Louis, Mo. 


OMPREHENSIVE review of the 

physiology of the cerebrospinal 
fluid has been made by Katzenellen- 
bogen' and others in regard to cireu- 
lation, source, and constituents. One 
subject that has caused considerable 
debate is the etiology of the low sugar 
found in bacterial meningitis. Differ- 
ent observers have offered theories to 
account for the low C.S.F. sugar as 
follows: 


(a) There is a decrease in the per- 
meability of the blood-C.S.F. barrier 
to glucose.” * 

(b) Damage to the meninges and 
choroid plexuses may increase the 
glveolytie rate of these tissues.‘ 

(ec) There is a consumption of 
C.S.F. glucose by the glycolytic activ- 
ity of bacteria and cells. Recent 
work® would indicate that neither the 
cells nor the bacteria are the cause of 
the low C.S.F. sugar. We consider 
the paper of Ino* to be an important 
contribution in this field. He noted 
that the meninges and choroid plex- 
uses of rabbits immediately post mor- 
tem were markedly glycolytie and as- 
signed to these tissues the main role 
in the decreased C.S.F. glucose. Ob- 
servations by one of us (R. F.) on 
meninges and choroid plexuses ob- 
tained at autopsy seem to confirm 
these data in man. 


From the Department of Pediatrics, Wash- 
ington University School of Medicine, and the 
St. Louis Children’s Hospital. 

*Work done while Senior Resident Physi- 
cian at the St. Louis Children’s Hospital. 
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The disease entity with which we 
are concerned is tuberculous menin- 
Quite typically, the onset of 
this illness is characterized by low 
cerebrospinal fluid sugar (below 40 
mg. per 100 ml.) in most of the cases.® 
After initial treatment with strepto- 
mycin, however, the spinal fluid sugar 
varies and may have very little bear- 
ing on the course of the disease. The 
purpose of this paper is to offer a the- 
oretical explanation of the variability 
of spinal fluid sugar in tuberculous 
meningitis that is compatible with 
clinical-pathological findings and with 
laboratory data on the mode of action 
of streptomycin. 


gitis. 


From a survey of clinical reports 
and our own observations, we have 
noted that the increase in cells found 
in the C.S.F. in this disease does not 
parallel the diminution in the sugar. 
The predominant cells are usually 
lymphocytes. It has been noted that 
the lymphocyte is not very glycolytic, 
having only one-fifth the glycolytic 
‘ate of the polynuclear leukocyte.’ 
Second, it has been reported that the 
tuberele bacillus grows slowly with a 
low rate of glucose consumption.* We 
ean, therefore, dismiss these two ele- 
ments in further discussions of changes 
in spinal fluid sugar in tuberculous 
meningitis. 

Clinicians are in agreement on the 
initial rise in C.S.F. sugar® ** ™* after 
intramuscular or intrathecal strepto- 














THE 





mycin treatment. This rise usually 


occurs in two to eight weeks but on 


several occasions was noted two to 


four days after institution of therapy. 
Prior to treatment with this antibi- 
otic, it was characteristic of the C.S.F. 
sugar in tuberculous meningitis to ap- 
proach zero, and death ensued in a 
rather short time. Further clinical 
observations after prolonged strepto- 
mycin treatment reveal values of 
spinal fluid sugar that have been dif- 
fieult 


the disease. 


to correlate with the course of 
For example, Levinson® 
found that nine out of twelve eases in 
relapse had normal sugars. Lincoln 
and Kirmse® states that two patients 
previously treated with streptomycin 
for miliary tuberculosis had normal 
sugars when the diagnosis of the men- 
ingitis was made. 

In the past, the initial rise of the 
spinal fluid after treatment had been 
attributed to (1) im- 
provement in the course of the illness 


two factors: 
and (2) streptomycin’s property as a 
nongluecose reducing agent.'* '* Our 
data given in Parts I and II tend to 
refute both of these hypotheses. 
COMMENTARY ON THE LITERATURE 
There is an inereasing literature on 
the inhibition of cellular and bacterial 
carbohydrate metabolism by strepto- 
mycin. Since the results are pertinent 
to our hypothesis, they will be sum- 


marized. 
(a) Henry and associates’ have 
shown that streptomycin in concen- 


trations just bacteriostatic noncompet- 
itively inhibits the metabolites of cer- 
tain . carbohydrate intermediates in 
susceptible strains of Staphylococcus 
aureus, Bacillus cereus, and Shigella 
sonnet. Resistant strains of these or- 


ganisms were not at all affected by 
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high eoneentrations of streptomycin. 
In another report, Henry and co 
workers" state that with Shigella son- 
net coincident with inhibition of mul- 
tiplication by streptomycin there was 
an inhibition of carbohydrate  sub- 
utilization and inhibition of 
oxygen consumption by the cell. 

(b) 
the above in a dependent strain of 
Streptomycin (under 


inhib- 


strate 
One of us'® has substantiated 


Staph. aureus. 
conditions of the experiment) 
ited the glycolysis of glucose in con- 
centration of 1 mg. per cubic centi- 
meter. 

(e) Oginsky and associates'’ have 
worked with streptomycin-sensitive EF. 
coli. They concluded that in suseep- 
tible strains streptomycin specifically 
inhibits the oxaloacetie-pyruvate con- 
densation. 

(d) The work of Umbreit and Ton- 
hazy'*® with liver, kidney, and brain 
homogenates subjected to mild injury, 
such as heat, showed that streptomy- 
the 
condensation in 


ein would = inhibit oxaloacetic- 


pyruvate coneentra- 
tions as low as 50 to 60 gamma _ per 
centimeter. They  conelude, 
that in the intact 
permeability factors apparently pre- 


cubie 
however, animal 
vent streptomycin from acting at the 
this They 
these permeability barriers apparently 


site of reaction. believe 
exist not only at the cell wall but also 
in the mitochondria and may be chem- 
ical as well 
When the barriers are overcome, how- 
inhibit this 
key reaction of carbohydrate metabo- 


as physical in nature. 


ever, streptomycin does 
lism. 

(e) Lastly, Harpier and Quastel'® 
have noted that in acetone extracts of 
beef brain n-acetylglucosamine inhib- 


its the phosphorylation of glucose, 
fructose, and d-glucosamine. Since 
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he n-acetyl-1 glucosamine unit is in 
he streptomycin molecule, this might 
support the that 
streptomycin inhibits carbohydrate 
metabolism of the cell and certain bae- 


further evidence 


teria. 

In presenting our theory on the 
mode of action of streptomycin on 
C.S.F. sugar in tubereulous menin- 


gitis, we fully realize the risk involved 
in drawing conclusions from a limited 
clinical study. However, the concept 
is new, and if only to stimulate further 
investigation in this field, it will be 
presented in detail. 

On the basis of our elinieal and lab- 
data (Parts I 
the following 
to explain the C.S.F. sugar changes 
therapy. Nor- 
mally, in the intaet cell, chemical and 


oratory and II), we 


postulated mechanism 


under streptomycin 
physical structure is of such a nature 
that streptomycin does not interfere 
How- 
meningitis, it 


with its metabolic processes. 


ever, in tuberculous 
may be hypothesized; there is a cellu- 
lar change in the meninges, secondary 
to inflammation, and sugar is oxidized 
at an inereased rate by the diseased 
the character- 
Under strepto- 
treatment, the carbohydrate 
metabolism the cell inhibited, 
and the sugar is no longer utilized. 


tissue, aecounting for 
istically low sugar. 

myein 
of is 
Subsequently, there is an inerease in 
spinal fluid What this may 
| mean is simply a decreased utilization 


sugar. 


by the tissues as long as streptomycin 
is present in concentration sufficient 
to inhibit the reaction. If the flow of 
spinal fluid is unimpaired, the sugar 
continues to flow into the spinal sys- 
tem until an equilibrium is reached. 

The increased diffusion of strepto- 
mycin in inflammation of the menin- 
ges would explain the early rise in 
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sugar with intramuscular as well as 
intratheeal Thus, in Lin- 
coln’s® two patients undergoing strep- 
tomycin therapy for miliary tubereu- 


therapy. 


losis, the normal sugar values with 
the onset of tuberculous meningitis 


would be plausible. Levinson’s® find- 
ings of normal spinal fluid sugars in 
nine out of eleven cases in relapse are 
not surprising if the meninges are no 
longer glyeolyte. 

Variations in diffusion of strepto- 
myein and spinal fluid sugar, seeond- 
ary to exudate formation, length of 
the therapy with 
streptomycin, and length of time from 
streptomyein administration, might 
all important On this 
basis we could aeceount for the varia- 
ble sugar findings in the chronie stage 
of the disease and the rather rapid in- 
crease in the acute stage if there is no 
impediment to spinal fluid flow and 
streptomycin diffusion. 

No doubt the of the 
C.S.F. sugar is based on enzyme sys- 
tems which catalyze the reaction. Ac- 


disease, previous 


be factors. 


glycolysis 


cording to Dixon,?® the Michaelis 
equation is fairly constant in most 

wre ati . 2weAe:- kES I 
enzymatic processes: Vv = vo n 


this equation, E is the amount of en- 
zyme; k represents its catalytic activ- 
itv; S is the substrate concentration; 
Km is the reciprocal of the affinity; 
and v equals the velocity of the reac- 
tion. 

We can substitute in this equation 
to illustrate the variables involved in 
the glycolysis of carbohydrate by the 
meninges and choroid plexuses in tu- 
berculous meningitis: 

v = velocity or rate of glycolysis, 


E = the cellular enzyme responsible far 
the glycolysis. 
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Its concentration is dependent on: 


(a) Area of tissue involved in acute in 
flammation, area of inflamed tissue in con- 
tact with streptomycin. 

(b) Concentration of enzyme inhibitor 
(streptomycin) in the C.S.F. 

(ce) Degree of cellular destruction.  Fi- 


brous tissue would contain little enzymatic 
or glycolytic activity, but the acutely in- 
flamed tissue would possess this property. 

concentration or the con- 
centration of the C.S.F. This 
would be inversely related to the concentra- 


S substrate 
glucose in 

tion of the cellular enzyme. For example, if 
there is a large amount of enzyme, the con- 
centration of glucose will be small, and, con- 
versely, with small quantities of enzyme the 


Concentration of streptomycin 
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Case 1, B. P., probably had a eis- 
ternal block and would be illustrated 
on this graph by points A and B. In 
this instance the concentration of 
streptomycin was high beeause of the 
reduced volume of spinal fluid into 
streptomyein injected. 
The area of inflamed cells exposed to 
the antibiotic was comparatively 
small. Subsequently, as the enzy- 
matie inhibitor (streptomycin) is in- 
creased and the cellular area (amount 
of the enzyme) decreased, the inhibi- 
tion of Thus 
we get high concentrations of sugar 


which was 


glycolysis is marked. 











B 


y 


Area of acutely inflamed cells in contact 
with streptomycin 


Fig. 


over-all glucose concentration will be in- 
The 
be directly related to the amount of enzyme 
Lastly, the C.S.F. 


sugar would be subject to a third variable— 


creased. substrate concentration would 


inhibitor, streptomycin. 


the permeability of the blood-C.S.F. barrier 
and free flow of C.S.F. 


In Cases B. P. and D. L. reviewed 
in Part II, the situation might be dia- 


grammed as in Fig. 1. The curves 
represent the type of elevation in 
C.S.F. sugar which was obtained in 


each instance. 





1. 


for a short period of time until the 
from the sub- 
-arbohydrate 


streptomycin diffuses 
arachnoid and 
metabolism is no longer inhibited. 


space, 


In Case 2, D. L., the concentration 
of streptomycin is at a lower level (5 
to 10 gamma per cubic centimeter at 
its peak in three hours); the area of 
inflamed tissue exposed to streptomy- 
cin is greater as no spinal block is 

As ean be 
of cellular 


present (points x and y). 
expected, the inhibition 
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elyeolysis is slower (smaller concen- 
tration of enzyme inhibitor) and more 
prolonged (greater cellular area or 
enzyme involved), and the glucose 
rise is steady but not as high, taking 
twenty-one hours to reach its peak. 

Lastly, a comment in regard to the 
blood sugar findings in these cases. 
The elevation in the C.S.F. sugar pre- 
ceded or paralleled varying degrees of 
rise in the blood sugar. In no in- 
stance did the increase in blood sugar 
precede that of spinal fluid sugar. 
This would negate the conclusion that 
increase in C.S.F. sugar was second- 
ary to a rise in blood sugar caused by 
intratheeal streptomycin. 

In Part II, three patients who had 
had treatment with intrathecal strepto- 
myein were described. These cases, L. 
S., M. M., C. M., all had three months 
or more of treatment before the ‘‘test 
periods.’’ All of these patients had 
x-ray and/or autopsy evidence of 
communicating hydrocephalus. This 
would imply that the free flow of spinal 
fluid was prevented over the surface 
of the brain. Since four-fifths of the 
C.S.F. is supposedly absorbed by the 
arachnoid villi, poor absorption would 
the high streptomycin 
levels two hours after the intrathecal 
injection in these eases. The failure 
of a significant rise (L. S. and C. M.) 
in C.S.F. sugar during the experi- 
mental periods might be explained as 
follows. 

(a) All of these patients had pre- 
vious intrathecal and _ parenteral 
streptomycin treatment. It might be 
postulated that the inhibition of cel- 
lular carbohydrate metabolism was at 
its maximum with the concentration 
of streptomycin attained and that an 
equilibrium had been reached between 
the blood and C.S.F. sugar. 


account for 
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(b) The chronically inflamed cells of 
the meninges were no longer glyco- 
lytie and could not be affected by 
streptomycin. In support of the lat- 
ter are autopsy reports** of fibro- 
plastic reaction in the meninges in 
chronie tuberculous meningitis treated 
with streptomycin. 

(ec) Poor exchange between blood- 
C.S.F. systems. 

However, when the amount of strep- 
tomycin was doubled in M. M., there 
was a marked increase in C.S.F. (and 
blood) sugar. Thus with higher quan- 
tities of streptomycin, it might be as- 
sumed there was still evidence of ia- 
hibition of cellular carbohydrate me- 
tabolism in this patient. 


ANALYSIS OF THE MATERIAL 


Finally, a word concerning inter- 
pretation of the results. Two objec- 
tions to the material in this paper are 
suggested. 

(a) Is the finding of increased 
C.S.F. sugar secondary to I.T. strep- 
tomyein due to a ‘‘foreign body’’ re- 
action? We think this is unlikely. 
Mader,’ for example, introduced for- 
eign substances—Ringer’s solution, 
air, serum—and observed wit hin 
thirty to sixty minutes a steep rise of 
blood sugar up to 100 mg. per 100 ml. 
and more above the original level. In 
some cases, the simultaneous determi- 
nation of C.S.F. dextrose showed a 
certain parallel but delayed increase. 
Other workers’ have not always found 
an inerease in C.S.F. sugar in intra- 
spinous serum therapy. Examination 
of Figs. 1, 2, and 3 in Part II, after 
intrathecal streptomycin, reveals an 
immediate decrease in the blood sugar 
when the C.S.F. sugar was reaching 
its peak. In three to four hours there 
follows a rise of varying degrees in 














176 THE 


these eases. This is exactly opposite 


’ 


to the eorrelation of blood and C.S.F. 


sugar in the instances described by 


Mader. 
(b) The experiments were not done 
Wherever 


under fastine conditions. 


indicated by arrows (Part IT), the 
oral feedings were of equal number 
of ealories in the individual ease. 


Tube feedings were at a constant rate 
over a twenty-four-hour period. With 
the ; 


blood 


concomitant determinations _ of 


and C.S.F. sugar®? under these 


cireumstanees, the above objection 


seems of little importance. 


SUMMARY 


on the mode of action of 


A theor 
streptomycin in tuberculous meningi- 
tis is presented that explains the rise 
of C.S.F. sugar after treatment with 


streptomycin. The hypothesis is for- 
clinical 


data: 


mulated to eorrelate known 


laboratory 


the 


observations and 


Streptomycin in injured cell in 


tuberculous meningitis causes inhibi 
tion of carbohydrate metabolism. The 


fluid 


after the initial treatment with strep- 


inerease in spinal sugar noted 


tomyecin is secondary to decreased 
utilization of glucose by the living 
cell and unimpaired flow of spinal 
fluid 
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TERRAMYCIN BY SUBCUTANEOUS CLYSIS 
Wituium J. Faruey, M.D., 


AND LEo Konteczny, M.D. 


NEwaARK, N. J. 


ERRAMYCIN by elysis is a use- 
ful and previously unreported 
mode of parenteral broad-spectrum 


The 
and development of aureomycin, chlor- 


antibiotic therapy. discovery 
amphenicol, and terramycin have of- 
fered to the physician additional anti- 
infectious agents of wide range, high 
potency, and low order of toxicity. 
They can be conveniently administered 
by mouth as they are well absorbed 
through the intestinal tract. In addi- 
tion, preparations of terramyecin and 
aureomyein are commercially available 


for intravenous use. Their general 
usefulness, however, has been some- 
what curtailed for want of a more 


easily administered form for paren- 


teral use. 
In the management of many sick in- 
oral medication 


and children, 


may not be feasible, frequently unwise, 


fants 


and sometimes, as in the surgical pa- 
contraindicated. In the 
that administration by vein is techni- 


tient, event 
cally difficult, as it occasionally is even 
in the best of hands, or in the event 
that adequate personnel or equipment 
is not readily available, the physician 
is faced with practical difficulties in 
the He 


may be forced to turn to other thera- 


proper care of his patient. 
peutic agents such as penicillin and 
streptomycin which can be given in- 
tramuseularly, even though the broad- 
spectrum antibiotic has been shown to 
be the drug of choice either by clinical 
response or by appropriate bacterial 


From the Department of Pediatrics, St. 
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sensitivity testing. The more frequent 
occurrence of bacterial strains resist- 
ant to penicillin or streptomycin as 
well as_ patient 
penicillin may pose additional prob- 
lems; thus the ultimate therapy may 
fall short of the optimal. 

This 


terramycin by the subcutaneous route 


hypersensitivity to 


report describing the use of 
is presented primarily as a practical 
aid to the practicing physician when 
such situations arise. Likewise par- 
enteral terramycin when indicated can 
accompany the initial clysis so fre- 
quently given in any acute febrile ill- 
fluid 


can more successfully form the initial 


ness requiring replacement, or 
phase of treatment until oral medica- 
tion is begun. 


been one of the most widely used and 


Hypodermoclysis has 


for the restoration of 
With the prop- 


safe- 


safest methods 
water and electrolytes. 
the 


guards and a recognition of its limita- 


er attention to necessary 
tions, the procedure can be convenient- 
lv and satisfactorily carried out by 
members of the staff. The 
use of terramycin in this fashion has 


nursing 


proved to be a very worth-while thera- 
peutic adjunct on our infant’s and 


children’s services. 


MATERIALS AND METHODS 


The pertinent clinical and physical 
properties of terramycin were exam- 
ined. Briefly, terramyein is an anti- 
biotic substance extracted and erystal- 
lized from the fermentation products 
As an amphoteric sub- 


of a mold.! 


stance it will form an alkaline or acid 
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salt.2 In the amphoteric form it has 
a pH of about 5 with limited solubility 
in aqueous solution and as such has 
been effectively utilized in a pleasant 
tasting suspension for oral administra- 
tion. This parent form or terramycin 
base, as it is sometimes called, has 
similar antimicrobial activity and com- 
parable intestinal absorption charac- 
teristics* to the widely used 
hydrochloride salt found in the cap- 
sules, topical ointment, ‘and intrave- 
The more soluble 


more 


nous preparations. 
terramycin hydrochloride in aqueous 
solution has a pH of 1.5 to 2.0 and 
necessitates the addition of a chemical 
buffering system to bring such a solu- 
tion near neutrality for intravenous 
use.* This satisfactorily accom- 
plished by the addition of the sodium 
salt of a simple amino acid, glycine, 


is 


which produces a relatively stable solu- 
tion with a pH of about 9. It is this 
formulation of terramyein that is used 
this 


by hypodermoclysis throughout 


study. 


In preparation for therapeutic trial, 


a group of children were given ter- 
ramycin by elysis in inereasing con- 
centrations and in various single doses 
to determine the degree of local toler- 
and the level the antibiotic 
obtained in the blood serum. These 
children were free of renal or cardiac 
disease. The patients included in the 
clinical study were routine admissions 
to the ward and private pediatric serv- 
ice of the St. Michael’s Hospital. 
Serum and cerebrospinal fluid levels 
were performed by a modification of 
a twofold dilution turbidimetrie tech- 
nique previously described by Ram- 
melkamp® using a Streptococcus pyo- 
genes as the test organism with a 
minimal inhibitory concentration for 
terramycin of 0.156 wg per cubie centi- 


ance ol 


OF PEDIATRICS 


meter. Venous blood serum samples 
were frozen after separation until bio 
assayed. 

Terramycin assays to determine the 
compatability of terramycin in hyalu 
ronidase solution, however, were per 
formed by a _ rapid _turbidimetri 
method devised by Kersey®; Klebsiella 
pneumoniae is employed as the test 
organism and values obtained photo 
metrically are taken off a standard 
eurve. The hyaluronidase used in this 
portion of the study was Wydase. This 
and other commercially available 
brands of this enzyme, however, were 
used in the patient. 

RESULTS 

Our experience with terramycin by 
the intravenous route has been good. 
It has been effectively used without 
difficulty by continuous drip infusion 
for several days in the smallest infant, 
a less than 1 mg. per cubic centimeter 
dilution usually being employed with 
the aid of a polyethylene tube follow- 
ing ‘‘eut-down’’ or other techniques. 
It was therefore felt that it might also 
be worth while to investigate the pos- 
sibility of employing intravenous ter- 
ramyein by subcutaneous clysis. <A 
review of previous animal study’ dis- 
closed that large volumes of terramy- 
ein in the buffered intravenous form 
have been given in concentrations up 
to 10 mg. per cubic centimeter of water 
or physiological saline by subcutane- 
ous injection with little or no apparent 
discomfort or gross evidence of local 
tissue reaction upon post-mortem ex- 
amination. These data supported the 
impression that a trial in infants and 
children was warranted. 

Initial Administration in Children. 

Several infants were initially given 
small amounts of a 4% to 1% mg. per 
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ubie centimeter solution subecutane- 
uusly without apparent discomfort or 
ocal irritation. Subsequently, these 
ind other infants were given larger 
volumes by drip elysis in concentra- 
tions up to 5 mg. per cubic centimeter 
of saline without untoward reaction 
beyond an occasional mild erythema 
and induration, not unlike that which 
one may sometimes observe following 
clysis of 5 per cent dextrose or protein 
hydrolysate solutions; several were 
given repeated clysis with equally en- 
couraging results. Darrow’s, 1/6 M 
sodium lactate, or 2144 per cent dex- 
trose solution when employed as a 
diluent in place of physiological saline, 


TABLE I. 


SOLUTIONS 
Solution 1: 
1 mg. terramycin hydrochlo 
ride with 
1 T. R. unit 
per ml. 


hyaluronidase 


Solution 2: 
5 mg. terramycin hydrochlo 
ride with 

iT. B onit 


per ml. 


hyaluronidase 
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sis volume, it was decided that it was 
unwise and unnecessary to attempt to 
utilize higher concentrations in this 
manner. 

Biological Campatability With Hya- 
luronidase.—Since hyaluronidase is 
not uncommonly employed in hypoder- 
moclyses as a spreading factor to en- 
hance absorption and since it was 
added to many of the initial clyses, 
biological assays to detect any inactiva- 
tion of terramycin solutions by the 
enzyme were performed. Mixtures 
were similar to those we used in the 
patient, namely, one turbidity reduc- 
ing unit, or its equivalent, to 1 ¢.c. of 
1 and 5 mg. per cubic centimeter of 


THE STABILITY OF TERRAMYCIN WITH HYALURONIDASE 


UNITS OF ACTIVITY/ML. AT HOURS 
0 | 1 6 24 


890 945 930 1,070 


890 1,040 885 1,430* 


4,800 5,080* 4,700 4,840 


4,800 3,660* 4,660 


*These figures lay somewhat outside the usual assay variation. 


was equally as well tolerated. Terramy- 
cin is stable and chemically compatable 
in these solutions and they can be 
successfully used when indicated. 
Hyaluronidase was frequently added 
to facilitate absorption; however, good 
local tolerance was noted with or with- 
out this enzyme. Protein hydrolysate 
or Ringer’s solution was not used as it 
was noted that a turbid solution or a 
fine precipitate sometimes formed fol- 
lowing the addition of terramycin. 
As concentrations of 1 to 5 mg. per 
eubie centimeter easily offered ade- 
quate opportunity for full therapeutic 
dosage of terramycin in the usual cly- 


terramycin solution. The aqueous 
solutions were tested at temperatures 
of 5° C. and 25° C. over a period of 
twenty-four hours. No loss of potency 
of terramycin in the presence of hyalu- 
ronidase was noted as shown in Table 
I. One milligram of terramycin hy- 
drochloride equals approximately 925 
units of activity; however, 1 mg. of 
anhydrous terramycin amphoteric as 
a standard is assigned a value of 1,000 
units. These assay figures represent 
comparable values within the degree 
of error of the method. 

Absorption and Blood Serum Levels. 
—In order to more clearly define a 
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terramyein dosage regimen by this 


type of administration and to be as- 
the 
stream in adequate concentration from 


sured of its delivery into blood 


the subcutaneous site of injection, ter- 


ramyein blood serum determinations 


were done. Venous blood samples were 
drawn at suitable intervals following 
single doses of from 10 to 25 mg. per 
Hyvyaluronidase 


was used throughout in these patients. 


kilogram body weight. 


Soth gravity-drip and ‘‘push-in’’ ely- 


ses were employed as indicated, with 


a terramyein solution of from 1 to 5 


mg. per cubie centimeter concentra- 


tion. By the gravity method, admin- 


istration was complete within’ one 


These data are summarized in 


hour. 
Table 


TABLE IT. TERRAMYCIN SERUM 
DOSAGE/ BODY 
WEIGHT 
(MG./ KG, ) 


WEIGHT 
(KG. ) 
, eA 8. 25 
G. M. 10.6 25 

M. j of 24 


E. 8. 2 > 12.5 


PATIENT | 


: 12.5 
Ke. 10 
F. ~ su 
B. : 5.1 


K. j 3.8 


10 
10 
10 


*Less than 0.15 ag per cubic centimeter 


(B. M. 


meningeal 


K.), 
inflam- 


In two patients and J. 


without apparent 
mation, lumbar puncture and cerebro- 
spinal fluid assay revealed no demon- 
spite of good 


strable terramycin in 


serum values. These cerebrospinal 
fluid 
with the serum samples, are included 


in Table II. 


Clin al Expe ru nce. 


samples, taken simultaneously 


To eonfirm the 
the 
safety of this untried mode of admin- 


therapeutic efficacy as well as 


istration, terramycin by clysis was em- 
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total of 254 times in th 


management of thirty-six patients o1 


ploved a 


the ward and private pediatrie servic 
of St. Michael’s Hospital with excel 
lent results. 
with 


Following initial therap) 


terramycin by clysis, most of 
these children were given oral terram) 
50 mg. pet 


kilogram body weight per day; a con 


cin at a dosage of 25 to 
centrated drop form was used in young 
infants and a raspberry-flavored sus 
pension in older infants and children. 
Clinical response was usually evident 
before elysis therapy was discontinued; 
other chemotherapeutic agents were 
also used, usually prior to admission 
or in a few when the response seemed 
Specific data 
were not obtainable in most patients; 


slow. bacteriolozieal 


FOLLOWING SINGLE CLYSES 
SERUM 
CC... 


CONCENTRATION [|C.S.F. 
AT HOURS uG/C.C., 
12 l 


CONCENTRATION 
AT HOURS 
12 


BG 


None 
detected* 


None 
detected 


a mixed flora or no predominating 


organism was usually found. A diag- 


nosis of bronchopneumonia was sup 


ported by X-ray. 
ated and 
untoward reactions were observed. 


All elysis were toler- 


well, no loeal or systemic 


Table III ineludes all eases in which 
A dose 


of terramycin of 10 mg. per kilogram 


terramyecin by elvsis was used. 


body weight every twelve hours in a 
1 mg. per cubie centimeter concentra- 
tion was routinely employed in most of 
these children. 
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TABLE III. SuMMARY OF CHILDREN TREATED WITH TERRAMYCIN CLYSES 


NUMBER | 
AGE OF OTHER CLINICAL 
PATIENT (mMo.) | DIAGNOSIS CLYSES THERAPY* RESULTS 
P. F. . sronchopneumonia TM, P Excellent 
Otitis media 
Bronchopneumonia é Excellent 
Bronchopneumonia : TM Good 
Bronchopneumonia TM Good 
Congenital heart disease 
sronchopneumonia P & S aerosol Excellent 
Mongolism 
Bronchopneumonia j TM I.V., SD, P Slow response 
Eczema 
Bronchopneumonia with TM, P Good 
pleural effusion 
Bronchopneumonia ) P & S aerosol Good 
Congenital cyst of lung P Infection 
Empyema responded 
Operative death 
Aspiration pneumonia ) Good 
Prematurity 
Bronchiolitis ; Poor 
Congenital heart disease 
Bronchiolitis ; Good 
Bronchiolitis j Poor 
Congenital heart disease 
Bronchiolitis é TM, Satisfactory 
Prematurity 
Bronchiolitis : TM, P, 8 Fair 
Otitis media 
Bronchiolitis TM, TM Excellent 
aerosol 
Bronchiolitis TM, TM Excellent 
aerosol 
Bronchiolitis ) TM aerosol Good 
Bronchiolitis TM Good 
Bronchiolitis Good 
Tonsillitis Excellent 
Tonsillitis TM I.V., TM Good 
Otitis media enteritis 
Tonsilitis Good 
Otitis media 1 TM Good 
Otitis media P, SD Slow response 
Otitis media Slow response 
Prematurity 
Enteritis 3} T] We Satisfactory 
Enteritis Satisfactory 
Enteritis i ; Slow response 
Enteritis } Good 
Gastroenteritis ) Good 
Clinical sepsis ) Good 
Penetrating wound, abdomen é Good 
Cellulitis, sealp é Good 
Hydrocephalus 
Roseola infantum j Course 
unchanged 
Roseola infantum ; Course 
uachanged 


terramycin; P, penicillin; S, streptomycin; SD, sulfadiazine. 





THE 
DISCUSSION 


From the foregoing information it 
is evident that the use of a terramycin 
solution with a concentration of 1 mg. 
per cubic centimeter enables one to 
give an adequate dose of this anti- 
biotic by hypodermoclysis with a wide 
margin of local toleration and safety. 
Concentrations above 5 mg. per cubic 
centimeter were not used and are not 
As demonstrated in 
the blood absorption curves, a dose of 


10 to 25 mg. per kilogram (4.5 to 11.4 


recommended. 
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The 


the more commonly encountered ill 


centimeter. organisms causing 
nesses are fortunately among the most 
The of wid 
strain variability among each specie o! 
Significant 


sensitive. possibility 
course must be recognized. 
serum levels are also found at twelve 
hours by this route of administration 
indieating that a twelve-hour sched 
ule would be permissible. 


be eautious in 


Although one must 
attempting to correlate blood serum 


levels or in vitro data with clinical 


TERRAMYCIN - COMPARATIVE MEAN SERUM LEVELS 
SINGLE DOSES 





TYPE OF ADMINISTRATION 
INTRAVENOUS (6.6 mg/kg) 
SUBCUTANEOUS (IO mg/kg) 

*C —— ORAL (IImg/kg) 





: ew -e 


T 


6 


HOURS 


* FROM HUNT et a® 


Chart I. 


mg. per pound) body weight, provides 
a serum level above the concentration 
necessary to inhibit most bacterial 
pathogens. 


Hobby and Welch 
workers in jointly 


and their 
examining their 
the activity of terramycin 


co- 
data on 
against 109 strains of a large variety 
of 
bacteria® found that 
sensitive to concentrations of less than 


gram-positive and gram-negative 


56 per cent were 
1.0 wg per eubie centimeter and 83 
per cent to less than 5.0 »g per cubic 


application too closely, they neverthe- 
less aid one in establishing a rational 
therapeutic regimen. Tissue concen- 
tration as well as immunological and 
cellular body defense mechanisms are 
also operative in the patient and must 
be given proper clinical consideration. 

Hunt and colleagues® have recently 
reported in detail the results of their 
studies on the absorption and distri- 
bution of terramyecin and have thus 
furnished needed information concern- 
ing this important antibiotic in chil- 





FARLEY AND KONIECZNY: 
lren. As one would suspect, terramy- 
in serum levels obtained by subeu- 
taneous administration lay intermedi- 
te between the values obtained by 
hese investigators following the oral 
ind intravenous routes. This can be 
better visualized by a composite graph, 
as in Chart I, using comparable 
dosages by these modes of administra- 
tion. 

Our findings support those of 
others,” '* "' that the diffusion of ter- 
ramyein into the cerebrospinal fluid 
through the normal meninges is poor, 
although levels up to one-fourth of 
that of the blood serum were detected 
by Hunt and associates in normal chil- 
dren. Pulaski and co-workers’ have 


TABLE IV. SUGGESTED DOSAGE 


TWELVE-HOURLY 


APPROXIMATE 


AGE GROUP WEIGHT (KG. 


Premature infant 1.5 
a“ 


Newborn ow 
| year 10.0 
) years 20.0 
10 years 32.0 
large children 50.0 


emphasized that the permeability of 
the meninges is altered and the diffu- 
sion of terramyein into the spinal fluid 
is enhanced in the presence of menin- 
geal disease; they found an adequate 
concentration of 3.84 ng per milliliter 
in an adult patient receiving terramy- 
cin intravenously. Hoyne and Riff 
have reported on the effective use of 
terramyein in meningitis. 


A simplified table for ready refer- 
ence in the use of terramycin by hy- 
podermoclysis in various age groups 
may be formulated employing a ter- 
ramyein concentration of 1 mg. per 
twelve-hour dos- 


centimeter, a 
10 mg. per kilogram (or ap- 
proximately 5 mg. per pound) body 


cubie 


age of 


TERRAMYCIN BY SUBCUTANEOUS CLYSIS 


SCHEDULES For 
ADMINISTRATION 
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weight and a reasonable fluid volume 
of 10 ec. per kilogram (or approxi- 
mately 5 ¢.c. per pound) body weight, 
as in Table IV. 

An occasion for using clysis therapy 
in older children or adults does not 
frequently arise but it may be of great 
advantage in the obese or seriously ill 
patient when parenteral terramycin is 
needed and accessible veins have been 
exhausted. 


SUMMARY AND CONCLUSIONS 


The need for an easily injectable 
broad-spectrum antibiotic is recog- 
nized. The readily available intrave- 
nous form of terramycin employed as 
a subeutaneous clysis meets this need 


TERRAMYCIN By CLYSIS 


| FLUID VOLUME 
DOSE (MG.) (C.C.) 
i 15 
35 35 
100 100 
200 200 
320 320 


500 500 
in the infant or child patient. Success- 
trial 
clinical use has demonstrated its safety 


ful preliminary and extensive 
and efficacy. The satisfactory response 
obtained in a variety of common infee- 
tions is reported. Terramycin serum 
levels were performed following var- 
ious single doses to confirm its rapid 
entrance into the blood stream and to 
aid in establishing a proper dosage 
regimen. Data demonstrating the bio- 
logical compatability of this antibiotic 
with hyaluronidase are included. Ter- 
ramyein may be added to physiological 
saline, dilute dextrose solution, or to 
1/6 M sodium lactate and Darrow’s 
solutions when they are needed for 
electrolyte repair. Suggested dosage 
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schedules for several age are 


groups 
presented in a simple table for con- 
venient reference. 


In 


that a terramycin concentration of 1 


conclusion, it is reeommended 
mg. per cubie centimeter be routinely 
employed with a dosage of 10 mg. per 
body weight twelve 


kilogram every 


in more 
of 
per kilogram every eight 
We 
this 


hours in average infections: 


serious conditions higher dosages 
20 to 25 mg. 
to twelve hours may be necessary. 
that 


broad-range antibiotie by 


feel the administration of 
hy podermo- 
elysis is a useful and practical mode 
of therapy that can play a very worth- 
the 


ment of infectious disease in childhood. 


while role in successful manage- 
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the Research and Development 
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A STATISTICAL STUDY OF OTITIS MEDIA IN CHILDREN 


Il. THe Antisiotic ERA 


Greorce Heiter, M.D. 
ENGELWoop, N. JJ. 


[* 1940 I published a study’ entitled 


as above, which, had I been pre- 
scient concerning the discovery of anti- 
bioties and improved chemotherapeutic 
might well subtitled 
“The Era of Judgment Alone.’’ Even 


in those days, pediatricians were usu- 


agents, I have 


ally more conservative in their atti- 
tude toward the therapy of otitis media 
than their colleagues in the otological 
specialty, and many agreed that my- 
ringotomy could well be reserved for 
those cases that did not respond to the 


palliative measures of the day: rest, 
warmth, nose drops, and pain-relieving 
That point 


of view was expressed beautifully by 


ear drops and anodynes. 


Brennemann’ over twenty years ago, 
and my original study was designed to 
support statistically, if justified, the 
conservative opinions which he voiced 
and with which I agreed. 

It was shown in the eases reported 
at that that 
promoted rapid 


time conservative eare 
and 


that mastoiditis occurred only in those 


more recovery, 
children subjected to myringotomy, so 


it would seem reasonable to assume 
that now, with potent antibiotie drugs 
available, myringotomy should much 
Were this the- 

the 


study would be redundant, 


less often be required. 


sis generally accepted, present 
but the 
idea that surgical evacuation of seere- 
tion is a sine qua non of effective ther- 
In our own com- 
eardrum, 


seen by an otologist, is opened rather 


apy is slow to die. 
munity an acute, bulging 
promptly, and this practice is spon- 
the 
Rutherford® stressed the concept that 


sored in literature. Recently, 


he use of antibioties without tympanic 


185 


epidural 
perisinus ab- 
with 
Her re- 
port is not accompanied by case re- 


the souree of 
cholesteatoma, 
and 


subsequent loss of hearing. 


surgery was 
abscess, 
perforation 


seess, ehronie 


statistical data. 
that 
period of more than twenty years, I 
met with the first 
complications; chronic perforation has 


ports or I can only 


answer in my practice, over a 


have never three 


been seen only in children whose 
drums have been incised, and the few 
eases of chronie deafness that I have 
seen have seemingly been unrelated to 
otitis media. Some of the writers on 
are ambiguous; for 
that 

transient 
and 


usually 


this subject ex- 


Livingston‘ states acute 
media ‘‘a 


-atarrh 


ample, 
eatarrhal 
stage between tympanic 


otitis 


acute purulent otitis media... 


subsides quickly after myringotomy,”’ 
but that in the ease of its suppurative 
sequel conservative measures may be 


employed for a day or two before re- 
sorting to incision of the tympanie 
membrane. 

Som® is also confusing when he as- 
the 
drum, formerly one of the most fre- 


serts that ‘‘paracentesis of ear- 


quent operative procedures, is now 
rarely necessitated,’’ and on the fol- 
lowing page reverses himself by ae- 
‘‘an indication 
paracentesis, ithe bulging 
with or without chemotherapy.’’ 


The texts devoted to otolaryngology 


cepting as for liberal 


eardrum, 


are generally rather dogmatic, insist- 
ing as does Woodward? that ‘‘myring- 
otomy should always be carried out as 
soon as one notes the increasing ac- 
cumulation of gas and pus . which 


is manifested by bulging of the drum 





186 THE 


the 


tests often agree, as does Ne!son’ that 


membrane,’’ whereas pediatric 


there is ‘‘a growing tendency toward 


conservatism. Bulging per se, even in 


the presence of fever, is not generally 


regarded as an indication (for my- 


ringotomy ), since, in the majority of 


instances, recession will take place 


without rupture of the membrane.’ 
I believe that the data that 
Nelson’s statement. 


follow 
substantiate 

The cases presented in this study 
were all seen by me, in private prae- 
tice, during the six and one-half years 
1946, through 
During the first two years after 


from January, June, 


1952. 
my return from service only the sul- 
invariably sulfa- 


fonamides (almost 


chiefly be- 


The choice 


diazine) were employed, 
cause of economie factors. 
during the 


months is 


of therapy most recent 


twenty-four presented in 
tabular form and is discussed in the 
portion of this article concerning treat- 
ment. 
this series are those infants who were 


The only eases omitted from 


routine examination 


and were found to have inspissated pus 


brought in for 
within the canal, the result of unree- 
ognized otitis media oceurring during 
the few weeks since previous examina- 
Pain 
of 
spontaneous 


tion. These are not uncommon. 


fever have apparently been 
the 


evacuation of pus seems to be innocu- 


and 
short duration, and 
ous and healing is prompt. 


disease is 


Table I the age incidence of the 
The chief im- 


portance of this is the decrease in fre- 


indicated. 


quency of otitis media after the fourth 
year. This parallels our experience 
with upper respiratory infections, and 
also tends to explain why tonsil re- 
moval is most often urged at this age 
in order to prevent recurrences of oti- 


tis media. In this regard, I can only 
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echo the experience of Kaiser* that ‘‘it 


cannot be demonstrated that the ton 


eausative faetor in 
such the 
otitis media, sinusitis and laryngitis.’ 


sils are often a 


infections as common eold 


TABLE I. AGE INCIDENCE 
NO. 
174 
183 
132 
134 
100 
112 


76 


AGE ( YR.) 
Under 1 
1 » 


cee ee 


oo 


16 
74 
1.031 


Og 


Ft 


Total 


Table II is presented as a matter o! 
the 
incidence of the common cold in this 


interest only. It coincides with 


vicinity. 


TABLE II. MontTHLY INCIDENCE (1946-1951 


NO. 
103 
105 


Jan. 

Feb. 

Marsh 119 

April 100 

May 78 

June 17 

July 17 

Aug. 11 

Sept. 28 

Oct. 34 

Nov. 87 10.0 

Dee. 141 16.2 
Total S70 100.1 


Table III, I believe, is important 
The number of myringotomies was re 
duced to a minimum; the number of 
ears that subsequently drained was 
more than halved. To the best of my 
knowledge, no complication obtained 
in this group. 

Table IV shows the type of medica- 
tion employed. The term sulfa signi- 
fies Gantrisin or triple sulfonamides 
In a few eases the broad spectrum anti- 
bioties were given. 

Table V gives the tabulated response 
of forty-four physicians in various 
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TABLE ITI 

1932-1940 
SERIES 

297 (50.4%) 


1946-1952 
SERIES 
neventful 875 ( 84.5%) 

recovery 
\ivyringotomy 
lischarging 
when first seen 
Subsequent 32 ( 5.4%) 
drainage 


199 (33.8% ) 1 
60 (10.2%) 126 


3( 1.3%) 
i( 12.1%) 


22( 2.1%) 


otal 588 (99.89%) 1,036 (100.0% ) 


In the earlier series there were sixteen 
cases of mastoiditis, requiring operative pro 
edure. All these cases were in children who 
ad been subjected to myringotomy. 

In the present there was no 
of mastoiditis. One infant who gave no evi- 
lence of middle ear infection developed a 
mastoid infection spontaneously and was 
operated upon in a metropolitan hospital. 


series ease 


TABLE IV. MEDICATION Usep DURING THE 
Most ReEcENtT TWENTY-FOUR MONTHS Com- 
PRISING 393 CASES (516 EARS) 


Sulfa only 

Penicillin injection only 

Penicillin orally only 

Penicillin injection 
sulfonamides 

Oral penicillin in 
sulfonamides 

\ll other cases 


followed by oral 


combination with 


TABLE V 


MYRINGOTOMY EMPLOYED 
FRE- | INFRE- | ALMOST 
QUENTLY | QUENTLY | NEVER 
E.N.T. 5 } 2 
specialists 
General 0 ‘ 11 
practitioners 
Pediatricians 0 ‘ 17 
| GENERAL E.N.T. 
ANTIBIOTICS PRAC- | PEDIA- | SPECIAL- 
FIRST CHOICE)! TITIONER| TRICIAN | ISTS 
Penicillin 8 10 8 
(injection ) 
Penicillin (oral) 
Sulfonamides 
enicillin-sulfa 
combinations 


9° 
» 


1 
3 6 
9 0 


cities east of the Mississippi to two 
uestions : 

Do you employ myringotomy fre- 
uently, infrequently, or almost never ? 

and— 

What is your most often used anti- 
jlotie or chemotherapeutic drug? 
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A space was left for remarks, and 
these were naturally in support of the 
answering physician’s usual practice. 
I was most impressed by the words of 
Dr. Henry Merriman, an otologist of 
Waterbury, Conn., who wrote, ‘‘I do a 
myringotomy for (1) pain over 24 
hours, (2) continued fever, (3) if the 
drum is bulging and is not returning 
to normal after adequate therapy.’ I 
am in total accord with these princi- 
ples. The corollary is, that adequate 
therapy, promptly employed, will al- 
most invariably reverse all three indi- 
cations quite rapidly. 

In the original study other factors 
were analyzed. At that time no pre- 
ceding illness was evident in 71 per 
This figure is now 
even higher because no ease in this 
series followed either pneumonia or 
searlet fever. The usual number of 
visits required was This 
figure is now down to the irreducible 
figure one. In spite of the routine 
that many physicians follow, of check- 
ing the drum every few days until 
normality is established, I have not 
felt that an injustice has been done, 
when adequate therapy has been ad- 
ministered or prescribed, if one re- 
quests a telephone report after forty- 
eight hours, and if fever and discom- 
fort are not present to advise accord- 
ingly. This may not be wise in the 
ease of outpatient clinie practice, but 
with an informed clientele one will be 
advised promptly in event of trouble. 
Nor can I now evaluate the mean num- 
ber of days of illness. In almost every 
ease the child is well within forty- 
eight hours. 


eent of the cases. 


analyzed. 


THERAPEUTIC PRINCIPLES 
I am convineed, and I believe that 
these results indicate that myringot- 
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omy is, in most eases, an unnecessary 


that 
therapy or the use of 


procedure. I have found either 
sulfonamide 
penicillin is rapidly effective in return- 


I still 


5 per cent phenol 


ing the acute ear to normal. 


employ ear drops; 


in glyeerin is most effective, and 


eminently safe. I have almost entirely 


discontinued the use of nose drops 


either prophylactically or therapeu- 


tically. It has been demonstrated that 


their long-time employment causes 
ciliary damage, that antiseptie sub- 
stances may give loeal reactions, and 


I believe that they may initiate aural 


or sinus infeetion when none existed 
prior to their use. 

Studies by Keefer® and others have 
proved that penicillin is effective when 
ingested Therefore, unless the baby 
is very young or the child is vomiting, 
refractory, or acutely ill, I give medi- 
cation by mouth whenever possible. If 
penicillin is to be injected I give a 
large dose since I feel that in that way 
bacteriostasis is best obtained, and 
allergic reaction is no more likely than 
were a smaller dose employed; even in 
a small baby I use a combination of 
300,000 units of procaine penicillin to- 
gether with 200,000 units of penicillin 
G, freshly prepared at the bedside. 
The one dose is usually adequate, nor 
have I had any adverse reaction from 
this. 

In older, 


avoid injection, both from the stand- 


cooperative children I 


point of needless pain and the lesser 


likelihood of reaetion when the sub- 
stance is given orally. <A_ palatable 
solution is given, 100,000 to 200,000 


units, four times daily, doubling the 
Often this is combined 
the triple 


first two doses. 


with Gantrisin or one of 


sulfonamide preparations, giving 1 to 
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1144 grains per pound of body weight 
each day. 

Except in very young infants, when 
the single huge dose of penicillin by 
injection is given, I ask that the oral 
four 
parent 


medication be continued at least 


days. If not so advised the 
will often discontinue therapy as soon 
as the symptoms subside. 

In event that recovery is not prompt, 
a change from one therapeutic agent 
to another is indicated; until we know 
more about the possible antagonism 
between penicillin and the broad spec- 
trum antibioties it may be as well to 


vive one at a time. 


SUMMARY 

A statistical study of otitis media, 
based upon 1,031 eases seen in private 
practice during the past six years, has 
been presented. 

It is felt that evaluation of the re- 
sults has justified the use of conserva 
tive measures in the treatment of oti 
tis media in children. 
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COMPLETE TRANSPOSITION OF THE GREAT VESSELS 


Rospert F. RusumMer, M.D., Dean K. CrystaL, M.D., Roperr A. Trpwei, M.D., 
R. F. Crosr, M.D., anp Joon A. HENDRON 
SEATTLE, WASH. 


HE development of surgieal oper- 
alleviate the 
functional disturbances produced by 


ations, designed to 
various congenital malformations of 
the heart, has emphasized the impor- 
tanee of accurate differential diagno- 
sis of developmental anomalies. Com- 
plete transposition of the great ves- 
sels represents one of the serious de- 
velopmental may be 
compatible with life for sufficient pe- 
riods to allow surgical intervention. 


defects which 


Techniques are available which may 
be beneficial such as the Blalock or 
Potts operation and surgically induced 
interatrial septal defects. In most 
eases, the prognosis becomes so grave 
that has little 
to offer and corrective surgery offers 


Ilowever, 


conservative treatment 


the only hope of survival. 
transposition of the great vessels must 
he differentiated 
having a more favorable outlook. 


lesions, 
The 
clinical picture of this deformity is so 
distinetive that definitive diagnosis can 
venerally be made with confidence. 


from other 


EMBRYOLOGY 


During embryological development, 


the convoluted cardiac tube is con- 
erted into a four-chambered heart by 
the elaboration of partitions 


vhich divide the common atrium, the 


three 


Department of Physiology and 
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Vashington, and the Cardiac Clinics of the 
iildren’s Orthopedic Hospital. 
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ventricular chamber, and the truncus 
arteriosus. The septa which separate 
the atrial and ventricular cavities tend 
to lie in a single plane, but the truncus 
arteriosus and conus region are sepa- 
rated into a pair of arterial trunks by 
the spiral aortie-pulmonary septum. 
Beginning at the bifureation of the 
aorta and pulmonary arteries, a pair 
of ridges form on opposite sides of the 
eylindrical truneus arteriosus and 
spiral downward toward the ventricles. 
Growing inward toward the axis of the 
cylinder, these ridges fuse into a single 
septum which executes a spiral of 180° 
and swings into line with the upper 
edge of the interventricular septum 
(Fig. 1, A). 
the 
major arterial trunks intertwine. 


The spiral septum ae- 
the 
The 


pulmonary artery arises from the right 


eounts for manner in which 


ventricle, passes anterior to the aorta, 
and emerges on the left of the medi- 
The lies behind the 


pulmonary artery and appears on the 


astinum. aorta 
right side of the mediastinum before 
arching posteriorly to a position along 
the left side of the thoracic vertebrae. 

Complete transposition of the great 
vessels has been attributed to a number 
of complex embryological factors,’ * * 
but it ean be schematically represented 
as due to the development of a straight 
Thus, the 

as they 


aortic-pulmonary septum. 

parallel 
leave the respective ventricular cham- 
bers: the right ventricle emptying into 
the aorta and the pulmonary artery 


arterial trunks lie 
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arising from the left ventricle (Fig. 
1, B). The parallel arrangement of 
the arterial trunks persists in the fully 
developed heart (Fig. 1, C). 
FUNCTIONAL EFFECTS 
If the arterial trunks are transposed, 
venous blood from the systemic circu- 
lation is ejected by the right ventricle 
into the aorta for redistribution to the 
systemic capillaries. Oxygenated blood 
the 
ventricle and 


returning from lungs enters the 
left 


through 


is recirculated 


the pulmonary eapillaries. 


Venous blood may enter the pulmonary 


Sprral aort 
pulmoner y 
septum 


/ 
Right 


ventricle 


Right 
ventricle 


Lett 
vertricie 


A B 


Fig. 1 The embryological origin of 
normal aortic-pulmonary septum executes a 
into the intertwining aorta and pulmonary 
vessels may be schematically represented as 
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complete 
spiral of 
arteries. 
due 
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upon continued patency of communi 
cations between the two circuits, e.g. 
defects in the interatrial or interven 
tricular septa or persistent patency of 
the ductus arteriosus. The quantit) 
of oxygenated blood entering the sys 
temie circulation is generally small and 
cyanosis is extremely severe, beginning 
immediately after birth. The supply 
of oxygen to the body as a whole is 


barely sufficient for survival, so growth 


and development are retarded. Coro 
nary arteries, arising from the root of 


the aorta, conduct essentially venous 


ventricle 


great vessels. A, The 
the truncus arteriosus 
transposition of the great 
aortic-pulmonary septum s¢ 


transposition of the 
180° dividing 
B, Complete 
to a straight 


that the aorta arises from the right ventricle and the pulmonary artery emerges from the left 


ventricle. CC, In complete transposition of the 


great vessels, 


the aorta and pulmonary artery 


are parallel as they leave the heart as would be expected if the truncus arteriosus were divided 


by a straight aortic-pulmonary septum. 


cireuit for oxygenation only through 
defects or shunts between the systemic 
and pulmonary circuits. 
blood, largely confined to the pulmonic 


Oxygenated 


vessels, can reach the tissues only by 
reverse flow through these same shunts. 
It is apparent that survival depends 


blood to the myocardial fibers. The 
rapid progressive cardiac enlargement 
which begins shortly after birth is du 
in part to this unfavorable situation 
Further, the right ventricle, which nor- 
mally pumps blood through the low 
resistance pulmonary circuit, operates 
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against the high resistance of the sys- 
temic circulation and becomes progres- 
sively enlarged and hypertrophied as 
the systemie blood pressure rises. In 
contrast, the left ventricle may be 


hypotrophice. 


CASE REPORTS 

The first case was a female child 
who had moderately severe cyanosis 
since birth. At 4 months of age there 
was no heart murmur, the chest was 
clear; electrocardiograms revealed 
right ventricular preponderance; tele- 
roentgenograms revealed a heart which 
was apparently about normal in size 
with a narrow mediastinal shadow in 
the posteroanterior position (Fig. 2, 
A). In the left anterior oblique posi- 
tion the upper mediastinal shadow was 
broad. Blood studies disclosed the 
following: hemoglobin 17.8 grams, 
red blood count 5.4 million, white blood 
count 8,500 with normal distribution. 
The liver was extended 2 to 3 em. be- 
low the costal margin in the right mid- 
elavicular line. At 28 months her 
height was 80 centimeters, weight 8 
kilograms, and she was able to sit 
quietly but could not walk. At this 
time she developed cardiac decompen- 
sation following an upper respiratory 
infection. Systemic venous congestion, 
dyspnea, and peripheral edema were 
prominent. Roentgenograms showed 
pronounced enlargement of the cardiac 
silhouette with prominent vascular 
markings in the lung fields. Electro- 
eardiograms revealed right ventricular 
preponderance and a Q,T; pattern was 
interpreted as indicating myocardial 
ischemia. Therapy with digitoxin 
produced marked symptomatic im- 
provement but the heart remained en- 
larged (Fig. 2, B). 

Her condition remained fairly good 
for about five months when cardiac 
lecompensation recurred, again fol- 
owing an upper respiratory infection. 
\fter maximal clinical improvement 
had been attained with digitoxin, the 
‘vardiaec enlargement was definitely 
nore pronounced (Fig. 2,C). In view 
if the ominous signs of impending de- 
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terioration, surgical production of an 
artificial shunt between the systemic 
and pulmonary circuits appeared to 
offer the only hope for survival. Since 
progressive spontaneous closure of the 
ductus arteriosus frequently contrib- 
utes to the deterioration of such a 
patient’s condition, surgical produc- 
tion of a systemic pulmonary shunt 
was considered the only hope for sur- 
vival. That the child had lived for 
nearly three years was considered suf- 
ficient evidence for the presence of an 
intracardiac shunt (e.g., an interatrial 
septal defect). The immediate out- 
look for a patient with transposition 
of the great vessels is much more 
favorable so long as the ductus ar- 
teriosus and interatrial septal defect 
are both functioning to permit ex- 
change of blood between the systemic 
and pulmonary circuits. On _ this 
basis, a Blalock operation was _ per- 
formed at the age of 34 months. 
Postoperatively her condition was 
strikingly improved for three days at 
which time she abruptly developed 
severe cyanosis, dyspnea, liver en- 
largement, crepitant rales in the bases 
of both lungs, and expired after about 
twelve hours. 

Post-mortem examination revealed 
a thrombus filling the left subelavian 
artery and extending through the sur- 
gically induced anastomosis into the 
left pulmonary artery. The right ven- 
tricle was dilated and hypertrophied. 
The only functional shunt between the 
pulmonie and systemic circuits was 
through a small patent foramen ovale. 
The ductus arteriosus could not be 
found. Microscopie sections revealed 
hypertrophy of the myocardial fibers, 
but no evidence of infarction or myo- 
carditis. 

Another case, with similar history 
and clinical signs, was studied by 
means of cinefluorographic angiocar- 
diography, at the age of 16 months, in 
preparation for surgical intervention 
because her condition was rapidly de- 
teriorating. Diodrast* (70 per cent) 


*Generously supplied for this study by the 
Winthrop Stearns Company. 
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as injected through a_ polyvinyl 
atheter fixed in the left jugular vein. 
(he course of the opacified blood was 
ollowed for 10 seconds by cinefluoro- 
rraphie recording on 35 mm. film ex- 
osed at fifteen frames per second us- 
ing equipment* which has been pre- 
viously deseribed.* A series of photo- 
eraphie prints reproduced from this 
film has been retouched to empha- 
In the first 


size the salient features. 


B 
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ventricular chamber was filled in the 
next frame (B-1). Right ventricular 
contraction began in frame B-3 since 
Diodrast appeared in the root of the 
aorta and in the next frame the arch 
of the aorta became opacified. Dur- 
ing the next contraction the right ven- 
tricle and aorta were more clearly de- 
lineated (H-1). This sequence of pic- 
tures was exposed during an interval 
of 11% seconds. During the remainder 


G D E 


Fig. 3.—Angiocardiography, recorded on 35 mm. film at fifteen frames per second by the 


cinefluorographic technique, 


demonstrated conclusively 


that the right ventricle communicated 


lirectly with the aorta and that there was minimal admixture of blood between the systemic 


nd pulmonary circuits (see text). 


rame (Fig. 3, A-1) opacified blood had 
passed through the catheter into the 
superior vena cava and partially filled 
he right atrium. Small quantities of 
Diodrast appeared to pass from the 
ight atrium interatrial septal defect 
nto the left atrium in frames A-2 and 
1-3, prior to the filling of the right 
entricle. The tricuspid valves began 
0 open in frame A-4, and the right 

*X-ray equipment used for this project was 


rovided by the General Electric x-ray cor- 
oration. 


of the ten-second period the picture 
was essentially unchanged. At no 
time was there sufficient radiopaque 
material in the left ventricle or pul- 
monary artery to produce distinct 
opacification. Diodrast must be pres- 
ent in fairly high concentration to be 
recorded by this technique. This film 
was interpreted as follows: complete 
transposition of the aorta and pul- 
monary artery, associated with an in- 
teratrial septal defect. The ductus 
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arteriosus was considered to be oblit- 
erated. 

The patient tolerated the angiocar- 
diography without apparent difficulty, 
but thirty-six hours later respiration 
suddenly stopped and she expired. 
The immediate cause of death was 
not determined. Post-mortem exam- 
ination confirmed the presence of com- 
plete transposition of the great ves- 
sels. The ductus arteriosus was oblit- 
erated and the only obvious ecommu- 
nication between the systemie and pul- 
monary cireulations consisted of three 
small interatrial septal defects roughly 
the size of a pin head or match head. 
Stretching the septum increased the 
diameter of the largest to about 3 to 
4 mm. 


SUMMARY 


Complete transposition of the aorta 
and pulmonary arteries produces a 
characteristic clinical pattern consist- 
ing of (1) eyanosis which begins im- 
mediately after birth, (2) inereased 
blood flow and blood content in the pul- 
monary vessels, (3) right ventricular 
preponderance, (4) progressive cardiac 
enlargement, (5) retardation of growth 
and (6) angiocardio- 
graphie evidence of continuity between 
the right ventricle and the aorta. 


development, 


Among the cyanotic group of con- 
appearance of 


eyanosis at birth is rarely encountered 


genital deformities the 


except with transposition of the great 
condition 
eyanosis early in life is almost invari- 


vessels. Except in this 
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ably associated with obstruction to pul 
monary blood flow and reduced lun; 
markings on _ teleroentgenograms 
Judging from the cinefluorographic 
picture presented, a single teleroent 
genogram taken from 2 to 5 seconds 
after beginning the injection of Dio 
drast should provide a definitive diag 
nosis of complete transposition of the 
aorta. 

Cases of complete transposition of 
the great vessels much _ better 
prognosis if multiple shunts exist. If 
the only site of exchange of oxygen- 


have 


ated and venous bleod consists of an 
interatrial septal defect, the outlook 
is so grim that surgical intervention 
provides the only hope for survival. 
The distinct improvement in one case 
from a Blalock operation indicates that 
this may offer at least palliative relief. 
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DEFORMITIES OF THE THORAX OF CONGENITAL OR 
DEVELOPMENTAL ORIGIN 


CHARLES W. Lester, M.D. 
New York, N. Y. 


INCE the historical paper by 
Brown’ on funnel chest in 1939 a 
fairly extensive literature on the ef- 
fects and treatment of this deformity 
has appeared. There are, however, 
numerous other congenital or develop- 
mental deformities of the thorax about 
which little or nothing has been written 
and which are ignored because it is 
thought that they are of minor im- 
and are not amenable to 
Many of these conditions 
are deforming and unsightly and some 
and disabling. A psy- 
considerable 


portance 
treatment. 


are crippling 
chological problem of 
magnitude is often present. Treatment 
is ineffectual for some and unnecessary 
in others, but in many cases proper 
surgical treatment can greatly improve 
the condition or correct it completely. 

Some of these deformities, notably 
funnel chest, are apparent at birth and 
may be called congenital. Others, as in 
the ease of pigeon breast, are not pres- 
ent until growth of the child makes 
them apparent. These may be said to 
be developmental. Disease is not a 
factor in any of the deformities dis- 
cussed in this paper. For purposes of 
classification they may be divided into 
groups. In the first group are 

deformities due to absence or 
malformation of bony structures. In 
the seeond group the bones are appar- 
ently normal and the deformity is 
probably caused by abnormal growth 
and the abnormal pull of the attached 


two 


those 


nuseles, 
In the first group belong the cases 
having absent ribs, incomplete ribs, 


fused ribs, forked ribs, and super- 
numerary ribs. The forked ribs and 
extra ribs seldom cause any trouble 
and are found by chance after x-ray 
examination. If the forked part of the 
rib is at the cartilaginous end it may 
completely escape detection. Oceasion- 
ally a rib will be found that forks at 
its anterior end and has one fork fus- 
ing with the adjacent rib. 

When ribs are rudimentary or ab- 
sent the resultant deformity is usually 
apparent, not only because of the bony 
abnormality but also because the mus- 
cles which would ordinarily attach to 
the defective rib are abent or mal- 
formed. Fig. 1, A shows the x-ray of 
such a ease. It is seen that the anterior 
two-thirds of ribs 2, 3, and 4 on the 
right side are absent. This permits the 
lower ribs on that side to drop down 
and in, causing the scapula to over- 
ride the vertebral column when the 
arm hangs at the side. Fig. 1, B is 
the photograph of the little girl which 
shows that the right pectoralis major 
musele has only its clavicular portion 
and that the nipple on that side is 
drawn upward and distorted, a condi- 
tion which will become more noticeable 
as the girl develops. 

In another case of a similar defect 
on the left side in a 4-month-old in- 
fant the anterior ends of ribs 3 and 4 
were absent and the fifth rib dropped 
down. This left the heart without any 
bony protection and its pulsations were 
so visible through the thin chest wall 
that the obstetrician, pediatrician, and 


parents were quite apprehensive. The 
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A. B. 


Fig. 1 Congenital defect in ribs 2, 3, and 4. A, Roentgenogram showing defect in anterior 
ind lateral extent of upper ribs B, Narrowing of shoulder girdle on right and absence of 
costal portion of pectoralis major 





Fig. 2.—-Severe scoliosis due to maldevelopment and fusion of ribs on left. 
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haby, however, was entirely uncon- 
cerned and is now an active 3-year-old 
child developing in a normal manner. 
The wall, still without bony 
covering, has stiffened 


chest 
and seems to 
provide adequate protection. 

The defect left by absent or mal- 
seldom requires any 
treatment. The normal growth of the 
child will compensate to a certain ex- 


developed ribs 





Fig. 3 


Fig. 3.—Multiple deformities of thorax: 


laced scapula, and spina bifida. 


chest (due to discrepancy in length of upper 
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the case, is quite another matter, and 
ean produce some of the most crippling 
The 
magnitude of the deformity depends 
With 


respect to the elongation of the verte- 


deformities that are encountered. 
upon the extent of the fusion. 


bral column during growth, the fused 
ribs act as a vector which curves the 
spine toward the side of the fusion. At 
birth there is little or no deformity but 





and fused ribs, hemivertebrae, dis- 


Fig. 4.—Photograph of patient in Fig. 3 showing elevated shoulder, protrusion deformity of 
Thi 


and lower ribs), and false funnel chest. This 


boy also lacked sphincter control because of low spina bifida and had clubfeet. 


tent for the deformity. If it does not 
do so some plastic operation may be 
used after puberty. Such 
tion will depend on the individual case 
and certainly cannot be standardized. 


an opera- 


The fusion of the anterior ends of 
the ribs, such as occurs in forked ribs, 
is of small import and needs no treat- 
ment. Fusion of the posterior ends 
‘f the ribs, especially when the ribs are 
more or less rudimentary, as is usually 





as growth ensues scoliosis develops and 


erowth continues, or 


Fig. 2 


inereases while 


until corrected. shows such a 
case. 

The patient was a girl 6 years of 
age with a progressive scoliosis which 
produced pressure on the lung of the 
concave side so as to greatly impair the 
pulmonary function, and to limit the 
child’s activities seriously. To correct 
the condition it was first necessary to 
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Orthopedic cor- 
R. Cobb) of the 


resect the fused ribs. 
(Dr. 


scoliosis was then commenced by 


rection John 
ap- 
plying a plaster jacket divided in such 
a manner as to straighten the vertebral 
column when the halves were wedged 
apart. Spinal fusion is considered ul- 
timately. Obviously the earlier that 


correction is initiated in such a case 
the greater the chances for a successful 
correction of the deformity. 


When 


formity it 


de- 


others. 


there is one congenital 


is common to find 
An extreme case in point is depicted in 
Migs. 3 and 4. The patient, a 3-year- 
old boy, was brought to the hospital 
clubfeet. The de- 
x-ray of the 


one 


because of chest 


formity was noted and 


showed absence of at least 
rib, the 


which are also rudimentary, hemiver- 


chest 


fusion of four or five ribs 


tebrae and spina bifida in the dorsal 
The 


(Fig. 4) shows an anterior 


region, and a defective scapula. 


photograph 


protrusion deformity of the chest and 


a false funnel chest. The right shoulder 
was elevated because the small seapula 
was caught behind the highest normal 
ribs in much the same fashion as after 
a five- or six-rib thoracoplasty. It was 
not a Sprengel’s shoulder as first sus- 
While the clubfeet were being 
corrected several operations were per- 
formed the flattened 
the protrusion, elevated the depression, 


pected 


on chest which 
and resected the angle of the seapula, 
the 


level. 


shoulder to drop to a 


During these hospital 


allowing 
normal 

confinements the nurses complained be- 
eause the 3-year-old boy made no at- 
tempt to use a bedpan or urine bottle, 
in spite of lectures and scoldings. It 
that a rectal 


was done which, of 


was not until then ex- 


amination course, 
showed a flaceid rectal sphincter, ob- 


viously due to a low spina bifida which 
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had been overlooked. The spina bifid: 
(Dr. T. I 


Ifoen) and a year later the child had 


was then operated upon 
fair control of his sphineters, his vari 
ous deformities were greatly improved 
or corrected, and he gives promise of 
developing into a useful citizen. 
Another type of congenital deform 
ity is caused by the failure of the two 


lateral halves of the sternum to fuse 


Unilateral protrusion deformity of 


chest. 


Fig. 5 


Maier and Bortone*® have reported th 
successful surgical treatment of such : 
ease. In most instances, however, the 
defect is accompanied by ectopia cordis 
which is incompatible with life. 

In the 
formities the bony structures appeal 
to be normal and the deformity seems 
to be caused by muscle pull, growth ot 


second group of chest de 
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one, or both. Funnel chest obviously 
longs in this group. The protrusion 
leformities, of which pigeon breast is 
one, are also ineluded in this classifica- 
tion as will be explained below. 

The protrusion deformities fall into 
two main classes: those with protru- 
sion in the midline, i.e., with a promi- 
nent sternum, and those in which the 
protrusion is to the left or right of the 


A 


deformity of sternum 
marked prominence 


Fig. 6.—Protrusion 
roentgenogram showing 
yramidal deformity. 


sternum. The protrusion may also be 
the the sternum and 
the eostal arch. The midline 
further divided into 
where 


below level of 


thus in 
deformities are 


those with an arehed sternum 


he midpoint of the sternum is the 


most prominent, and those with an 


yblique sternum in which the xiphoid 


arched 


is the The 


sternum may produce an apparent de- 


most prominent. 
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with 
of xiphoid. B, 
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pression of the xiphoid which has been 
mistaken for funnel chest (Fig. 4) but 
the distance between the xiphoid and 
vertebrae is not shortened and there is 
no displacement of the heart. 

The etiology of the protrusion de- 
Brodkin® 
siders the sternal protrusions to be the 


formities is obseure. con- 
result of diaphragmatie abnormality, 
but this seems inadequate to explain 


apex of deformity. A, Lateral 
Photograph of patient showing 


xiphoid at 


the condition. However, theoretically, 
a diaphragmatic or other muscular re- 
straint coupled with overgrowth of the 
ribs could account for it. The growing 
force of the rib thus restricted causes 
it to buckle at the costochondral junc- 
tion, its weakest point. If the over- 
growth is on one side only, there will 
be a protrusion of the costochondral 
junctions and a unilateral deformity 
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(Fig. 5). If the ribs of both sides 
excessively, the buckling of the 
the forward 


into a midline deformity. 


crow 
sternum 
If the cen- 


tral tendon of the diaphragm grows at 


ribs will force 


the same rate as the ribs, the xiphoid 
will be the most prominent point of 
the protrusion (Fig. 6, A and B). If 
the central tendon does not keep pace 
the thus re- 
lower end, 


A and B 


with the ribs, sternum, 


will areh 


If over 


strained at its 


forward ig. 7, 


1 


i, Pigeon breast, arcuate type of 


protrusion involving eighth rib, 


crowth in ribs below those 


which attach to the sternum, the pro- 


occurs 


trusion appears in the costal arch and 


be 


groove 


associated with a transverse 
(Fig. 7, B). This deformity 
may be unilateral or bilateral. 


may 


Since growth is the factor which de- 
termines the deformity it follows that 
the deformity is rarely present at birth. 
It is seldom noticed until after infancy 
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associated with moderate arcuate deformity. 
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and usually not until the child is more 
than 5 years old. By the time the 
deformity is noticeable enough to make 
the parents or patient desire correc- 
tion he may be near the age of puberty. 

In determining the physiological ef- 
fects of a congenital or developmental! 
deformity the statement of the patient 
cannot always be taken at its face 
value because he has never known what 
it is to be normal. Many, of course, 
never do have any symptoms but, on 


B. 


B, Transverse groove and costal arcli 


the other hand, certain symptoms oc- 
eur with sufficient regularity to sug- 
gest a causal relationship. These ar 
respiratory infections that persist too 
long and are variously called bron 
chitis, asthma, or pneumonia by the 
patient parent; failure to gain 
weight properly; easy fatigability ; 
and dyspnea and tachyeardia. Not in- 
frequently the psychological distress 


or 
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‘aused by the deformity overshadows 
everything else and may of itself pro- 
duee physiological disturbances. 
Whether or not to advise surgical 
correction of the deformity is a dif- 
ficult decision to make. In general, it 
is safe to say that surgical correction 
should be undertaken if the patient 
earnestly desires it or if respiratory or 
Under 
are 


cardiae symptoms are present. 
such eireumstanees the results 
often dramatic. In competent hands 
the risk of the operation is slight. 


Fig. 8.—A, Surgical result in patient shown in Fig. 6, B. 
i 7 C, Surgical result in patient shown in Fig. 7, B. 


in Fig. 7, A. 


The operation for the correction of 
protrusion deformities is based on one 
of the principles of thoracoplasty, viz., 
that a rib resected subperiosteally will 
regenerate in the position taken by the 
stripped periosteum. When the pro- 
trusion is lateral this involves sub- 
periosteal and subperichondrial resec- 
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tion of the protruding portions of the 
ribs involved, and may best be done in 
two stages because of the paradoxical 
respiration which occurs if numerous 
ribs are resected at one time. As re- 
gards the sternal deformity, the in- 
volved portions of the cartilages are 
resected subperichondrially and the 
protruding portion of the sternum is 
resected subperiosteally, which implies 
separation of the xiphoid but not divi- 
sion of the substernal ligament. The 
periosteum remaining then drops down 


B, Surgical result in patient shown 


into a normal position where the new 


bone regenerates (Fig. 8, A, B, and 
C). 

The patients have surprisingly little 
reaction to the surgical procedure and 
are usually out of bed the next day and 
home a week after completion of the 


surgery. Of the sixteen patients 
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operated upon there have been no 


deaths nor serious complications and 
the late results have been satisfactory. 

Funnel chest (pectus excavatum) is 
the 
duced by abnormal muscle pull. This 


other congenital deformity pro- 
has been in the medical literature for 
but it re- 


1939 


more than three centuries 


mained an enigma until when 


recognized the cause and de- 
for it. 


Brown! 


scribed a rational treatment 


Since then many more articles have 


appeared on the subject. 


roentgenogram of funnel 


chest. 


Fig. 9%.—Lateral 

As the name implies, the deformity 
is a funnel-shaped depression of the 
anterior chest wall with the apex of 
the funnel at the xiphoid. The major 
factor in the production of the de- 


formity is the pull exerted by a short 


central tendon of the diaphragm which 
draws the xiphoid backward during 
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inspiration in a direction opposite to 
(Fig. 9). Other 


less evident factors may also be opera 


its normal movement 


tive. The deformity is usually noticed 
at birth 


worse as the child grows older. 


and beeomes progressively 

The pressure of the sternum on the 
heart rotates it and displaces it into 
the left chest thereby causing more or 
less disturbance of its action and fre 
murmur. The 
short diaphragm interferes with the 


quently producing a 


cough so that minor respiratory infee- 
tions are prone to go on to pneumonitis 
the 
bronchi cannot be cleared of their se- 
In addition to the funnel de- 
formity, round back and poor posture 


and ehronie bronchitis beeause 


eretions. 


are common (Fig. 10) and the children 
are likely to be underweight and un- 
derdeveloped. In some patients the 
sternal depression is so small that there 
I believe that 
where there is a significant sternal de- 


are no symptoms, but 


pression there are also physiological 
not the patient 
Furthermore, the 
psychological effects of the deformity 


effeets, whether or 


recognizes them. 
may be considerable, even though the 
patient does not feel that he is phys- 
ically handicapped. 
munications* ° 


Previous com- 
go into greater detail 
about the cause and effects of the de- 
formity. 

The treatment In in 
fants under 14 months of age, befor« 


is surgical. 


the deformity has become irreversible, 
a simple operation by which the xi 
phoid is detached from the gladiolus 
and the ligament severed 
may suffice to allow normal develop 
ment of 
deformity has become established, a 


substernal 
the chest. Later, when the 


radical procedure is necessary whicl 
entails resection of the third to th 
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seventh costal cartilages on both sides, 
detachment of the xiphoid, resection of 
the substernal ligament, and elevation 
of the sternum by fracture along a 
transverse wedge osteotomy in the 
third sternal segment. The sternum is 
then maintained in this position by 
temporary external support. Modifica- 
tions of this procedure have been de- 
seribed by Sweet,® Brodkin,’ Dorner 
and associates,* Ravitch,’ and others. 


A. 


Fig. 10.—Funnel chest with round back. 


Experience in the late follow-up of 
our sixty-three cases has led us also to 
make modifications. Reeurrence of the 
deformity after the simple operation 
has not been uncommon but, for the 
most part, the depression has not been 
bothersome and there have been no 
symptoms. Three cases, however, re- 
quired reoperation. For this reason, in 
eases where we formerly employed the 
simple operation, we now do a sub- 
perichondrial resection of two or more 
pairs of cartilages close to the sternum 
and then bend the sternum up, with or 
without a transverse osteotomy. By 
using proper instruments and exercis- 
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ing care this can be accomplished with- 
out perforating the pleura and hence 
does not require endotracheal anes- 
thesia. No external support is used. 

Our success in this has encouraged 
us to apply the operation in a more 
extensive form to those patients in the 
age group between 14 and 28 months. 
In the past we have avoided operating 
on these children because the simple 
operation is inadequate and the radical 


B. 


B, After operation. 


operation requires endotracheal anes- 
thesia which too often has to be fol- 


lowed by tracheotomy. But the modi- 
fied operation without intubation per- 
mits surgical treatment at a time when 
it can produce the best results. How- 
ever, we do not attempt this operation 
unless we have a skillful anesthetist 
who can insert the endotracheal tube 
promptly should the need for it arise. 

Because of one recurrence in the 
teen-age group we have modified the 
radical operation so as to overcorrect 
the deformity and to retain the middle 
half of the resected costal cartilages 
somewhat after the method of Sweet.® 
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Except as noted, the results have been 


good. There have been no fatalities. 


SUMMARY AND CONCLUSIONS 

Congenital and developmental de- 
formities of the thorax occur in a 
variety of forms and are classified in 
two groups. 

In the first group are those deformi- 
ties due to maldevelopment of the bony 
structures. Some are of little impor- 
tance but others, especially those due 
to the fusion of ribs, can produce dis- 
abling deformities which need correc- 
tion. 

In the second group are those de- 
formities due to abnormal forces act- 
ing on apparently normal bony struc- 
tures. Funnel chest and the protru- 
sion deformities, such as pigeon breast, 
are in this group. 

The effects of these deformities are 
discussed and the surgical treatment, 
when indicated, is outlined. 
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CAUSES OF FETAL AND NEONATAL DEATH WITH SPECIAL 


REFERENCE TO PULMONARY AND INFLAMMATORY 


LESIONS 


JAMEs B. Arey, M.D., PHImADELPHIA, PA., AND JOHN DENT, M.D., 
New ORLEANS, La. 


(Concluded from the January issue, page 25.) 


BRONCHOPNEUMONIA 


Bronchopneumonia was responsible 
for the deaths of ten infants. All 
were liveborn infants; their duration 
of life varied from 17 minutes to 
twenty-five days. Five infants lived 
less than twenty-four hours. Six of 
the infants were males and four were 
females; nine were Negro and one 
was white. All but one infant were 
premature; their weights varied from 
820 to 2,900 grams, with an average 
weight of 1,808 grams. 

In addition to the ten infants in 
whom bronchopneumonia was con- 
sidered to be the primary cause of 
death, twenty-six infants and three 
fetuses had histologic evidence of 
bronchopneumonia. In the latter 
group bronchopneumonia was thought 


to represent a contributory rather 
than a primary cause of death. These 
figures do not include infants or 


fetuses with congenital syphilis since 
the neutrophilic exudate which is 
often present in the pulmonary alveoli 
of these patients may possibly be part 
of the syphilitic process. Thus, in the 
entire group of 123 fetuses and in- 
fants in whom there was no evidence 
of congenital syphilis, bronchopneu- 
monia was present as a primary or as 
a eontributory cause of death in 
thirty-nine (31 per cent); it was 
present in 40 per cent of the non- 
syphilitic liveborn infants and in 
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three of the thirty-four nonsyphilitic 
fetuses. Twelve of the thirty-six live- 
born infants with bronchopneumonia 
lived less than 12 hours, eighteen 
lived less than 24 hours, and twenty- 
six lived less than 72 hours. The 
average weight of the thirty-nine non- 
syphilitic fetuses and infants with 
bronchopneumonia was 2,092 grams. 

The diagnosis of bronchopneu- 
monia can rarely if ever be established 
by gross examination of the lungs of 
infants dying within a few days after 
delivery. Pleural exudate is usually 
absent, and histologic examination is 
necessary to differentiate these lungs 
from those with an intrapulmonary 
hyaline membrane, excessive aspira- 
tion of amniotic debris, or massive 
pulmonary hemorrhage. Sections 
should be prepared from all lobes, 
since the inflammatory exudate may 
not be present uniformly throughout 
both lungs. The diagnosis of broncho- 
pneumonia is dependent upon the 
presence of neutrophilic exudate in 
the alveolar ducts and alveoli (Fig. 
6). Desquamated lining cells or 
alveolar septal cells are commonly 
present in the pulmonary alveoli and 
should not be interpreted as broncho- 
pneumonia. 

The majority of infants with 
bronchopneumonia who die within the 
first 24 hours after delivery have 
developed the process in utero, and 
it is generally agreed that such 
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examples of intrauterine pneumonia 
are usually bronchogenic in origin, 
secondary to aspiration of the con- 
the 
authors feel that aspirated contents 


tents of amniotic sae. Some 


of the amniotic sae which are not in- 
fected may at times serve as an irri- 
tant eall forth a neutrophilic 
response in the lungs.***"™* Sub- 


stantiation of this view is afforded by 


the investigations of Macgregor, 
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strate bacteria in histologic section 
of slightly less than one-half of th 
patients with antenatal pneumonia. 
On the other hand, certain finding: 
suggest that many examples of intra 
uterine pneumonia are bacterial in 
origin and are due to the aspiration 
of contaminated amniotic fluid. John 


60 


son and Meyer® were able to demon- 


strate aeute inflammation in the pla 


ecentas and membranes of eleven of 





Fig. 6. 


who obtained significant bacterial 
cultures from the lungs of approxi- 
mately one-third of thirty-three dead- 
born fetuses and infants 


with bronchopneumonia. Warwick,'"’ 


liveborn 


using sections stained by Rosenow’s 


modification of Gram’s stain, was 
able to identify bacteria in only one- 
fourth of the cases of pneumonia in 
newborn and stillborn infants. John- 


son and Meyer® were able to demon- 





Section of lung illustrating bronchopneumonia, from a premature infant 38 hours old 
(x 200.) 


thirteen patients with antenatal pneu 
monia dying prior to delivery; among 
nine patients with antenatal pneu 
monia who died in the postnata 
period, examination of the placenta 
membranes, and umbilical cord re- 
vealed acute inflammation in six and 
syphilitic involvement in two. More- 
over, the importance of premature 
rupture of the fetal membranes as a 
factor predisposing to the develop- 
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ment of intrauterine pneumonia has 
been referred to by a number 
iuthors,'’” such premature rup- 
ture presumably allowing bacterial 
contamination of the amniotic fluid. 
Furthermore, it well 
that large amounts of amniotie debris 
may be found in the pulmonary al- 
veoli in the absence of any inflamma- 


of 
33, 64 


is recognized 


tory reaction. 

Unfortunately, the role played by 
bacteria in the pathogenesis of intra- 
uterine pneumonia could not be ade- 
quately investigated in the present 
series, since the length of time that 
the death of the 


elapsed between 


TABLE V. RELATION 


TIME OF RUPTURE OF 


FETAL MEMBRANES | TOTAL NUMBER OF | 
PRIOR TO DELIVERY | FETUSES AND INFANTS | 
Less than 24 hr. 57 
Longer than 24 hr. 15 


TABLE VI. 
TOTAL NUMBER 
OF 
DURATION OF LABOR | FETUSES AND INFANTS 
Less than 24 hr. 63 
Longer than 24 hr. 19 


fetuses and infants and the time of 


post-mortem examination precluded 


satisfactory bacteriologic studies. 
Certain observations, however, ap- 
pear to be relevant to the problem of 


the pathogenesis of intrauterine pneu- 


monia. 
Maternal records indicating the 
time of rupture of the fetal mem- 


branes were available for seventy- 
two nonsyphilitie fetuses and infants 
who lived less than 24 hours. Nine- 
teen of these fetuses and infants had 
bronchopneumonia. Among the fifty- 
seven fetuses and infants whose fetal 
nembranes had been ruptured less 
han 24 hours, there were twelve 
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with bronchopneumonia. Among the 
fifteen fetuses and infants whose 
fetal membranes had been ruptured 
longer than 24 hours there were 
seven with bronchopneumonia (Table 
V). Although in this small series 
the difference noted not statisti- 
‘ally significant, it is possible that 


is 


with a 

significant 

served. 
Prolonged labor is reported to be a 


larger series a statistically 


difference might be ob- 


predisposing factor to the develop- 
ment intrauterine 
Douglas and Stander,** in discussing 


of pneumonia. 


fetal bacteremia, suggest that organ- 


or TIME OF RUPTURE OF FETAL MEMBRANES TO INTRAUTERINE PNEUMONIA 


FETUSES AND INFANTS | FETUSES AND INFANTS 


WITH WITH NO EVIDENCE OF 
BRONCHOPNEUMONIA BRONCHOPNEUMONIA 
12 45 
7 8 


RELATION OF DURATION OF LABOR TO INTRAUTERINE PNEUMONIA 


| FETUSES AND INFANTS | FETUSES AND INFANTS 


WITH WITH NO EVIDENCE 
BRONCHOPNEUMONIA |OF BRONCHOPNEUMONIA 
11 52 
10 9 


isms present in the vagina at the on- 
set of labor may become invasive and 
pathogenic during the course of labor. 
In the present series the duration of 
reported for eighty-two 
nonsyphilitie fetuses and infants who 
Eleven of 


labor was 
lived less than 24 hours. 
the sixty-three fetuses and infants de- 
livered following a labor of less than 
24 hours had bronchopneumonia as 
compared to ten of the nineteen de- 
livered following a labor exceeding 
24 hours (Table VI). This difference 
is statistically significant. 

It has been concluded previously 
that repeated deep intrauterine re- 
spiratory movements with resultant 
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aspiration of large amounts of am- 
niotie debris are not a normal occur- 
rence and that the presence of large 
in the 
If 
of examples of intra- 


amounts of amniotic debris 
lungs is evidence of fetal anoxia. 
the 


uterine pneumonia are bronchogenic 


majority 


secondary to aspiration of 
or infected amniotic 
evidences of fetal an- 


in origin, 


either sterile 
fluid in utero, 
oxia should be present with greater 
frequency in fetuses and infants with 
intrauterine pneumonia than in those 
without In Mac- 


pneumonia in fetuses 


such pneumonia. 


gregor’s series, 


TABLE VII. 


TOTAL NO. OF 
FETUSES AND INFANTS 
UNDER 24 HR. WITH- 
OUT HYALINE MEM- 
BRANE OR CONGENITAL 
SYPHILIS 


Total number of 76 
patients 

-*atients with broncho 20 
pheumonia 

Patients without 6 


bronchopneumonia 


and infants surviving birth not more 
than 
ated with aspiration of an excessive 
amnii, with or with- 


12 hours was invariably associ- 


quantity of liquor 
out meconium. Johnson and Meyer 
found marked aspiration of amniotic 
fluid in thirty-five of sixty-eight cases 
of congenital In the 
present series there were ninety-one 
fetuses and infants who lived less 
than 24 hours and who had no evi- 
dence of congenital syphilis. Fifteen 
infants in this group showed evidence 
of an intrapulmonary hyaline mem- 
brane, leaving seventy-six fetuses and 
infants in whom the presence or ab- 
sence of amounts of am- 


60 


pneumonia. 


excessive 


niotie debris within the lungs could 
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be ascertained.* There was a sig 
nificant increase in the incidence of 
bronchopneumonia among those fe- 
tuses and infants who had aspirated 
excessive amounts of amniotic debris 
when compared to those who had not 
Conversely, there was a sig- 
nificant inerease in the incidence of 
aspiration of excessive amounts of 
amniotie debris among fetuses and in- 
fants with bronchopneumonia when 
compared to those without broncho- 
pneumonia (Table VII). 

Fetal anoxia is important not only 
in favoring the development of intra- 


done so. 


RELATION OF FETAL ANOXIA TO INTRAUTERINE PNEUMONIA 


FETUSES AND INFANTS | FETUSES AND INFANTS 
WITH SIGNIFICANT WITHOUT SIGNIFICANT 
ASPIRATION OF AM- ASPIRATION OF AM- 

NIOTIC SAC CONTENTS | NIOTIC SAC CONTENTS 

28 48 
14 6 
14 42 


uterine pneumonia but also in pre- 
disposing to extrauterine infection of 
the lungs during the early neonatal 
period. The atelectatic, congested, 
and edematous lungs of asphyxiated 
infants are particularly susceptible to 
infection.® ** Accordingly, any new- 
born infant with a history of pro- 
longed labor, premature rupture of 
the fetal 
symptoms 


membranes, and 


of 


*Infants suffering from an intrapulmonary 
hyaline membrane were excluded since evi- 
dence has been presented both for and against 
the fact that this membrane may represent the 
contents of the amniotic sac. Bronchopneu- 
monia occurred in only one of the fifteen in- 
fants with an intrapulmonary hyaline mem- 
brane who died within 24 hours after delivery : 
it was present in five of the six infants with 
an intrapulmonary hyaline membrane who 
died later than 24 hours after delivery. 


or signs 
intrauterine anoxia 
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should be considered a potential ex- 
ample of bronchopneumonia. 

Summary.—Bronchopneumonia was 
present in 40 per cent of the liveborn 
infants in whom there was no evi- 
denee of congenital syphilis and in 
three of thirty-four nonsyphilitie fe- 
It was thought to represent 
the primary cause of death in ten 
liveborn infants. The majority of in- 
fants with bronchopneumonia who die 
within the first 24 hours after deliv- 
ery have developed the process in 
utero. Intrauterine pneumonia is 
usually bronchogenic in origin, sec- 
ondary to aspiration of contents of 
the amniotic sac. Although there is 
to support the view that 
some examples of intrauterine pneu- 
monia are due to the inhalation of 
sterile but irritating contents of the 
amniotic sac, many examples of in- 
trauterine pneumonia are probably 
due to the aspiration of amniotie fluid 
which has been contaminated by bac- 
teria. In the present series there was 
a significant increase in the incidence 
of intrauterine pneumonia following 
prolonged labor, or following exces- 
aspiration of amniotie debris. 
The diagnosis of bronchopneumonia 
in fetuses and infants dying shortly 
after delivery is dependent upon his- 
tologic examination of the lungs; the 
diagnosis cannot be established by 
gross examination alone. 


tuses. 


evidence 


sive 


CONGENITAL SYPHILIS 


Congenital syphilis was responsible 
‘or nine fetal and neonatal deaths. 
Five additional infants had gross 
and/or microscopic findings which 
were probably the result of congen- 
ital syphilis, but in these a positive 
diagnosis could not be established. 
[he latter are, therefore, considered 
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to be examples of probable congenital 
syphilis and will be discussed sepa- 
rately. Stains for spirochetes were 
prepared from all five patients in the 
latter group in whom the histologic 
changes were insufficient to warrant a 
definite diagnosis of congenital syph- 
ilis. They were not prepared in the 
majority of patients in the former 
group, since it was felt that the gross 
and microscopic findings alone were 
sufficient to justify a positive diag- 
nosis of congenital syphilis. 

Among the nine fetuses and infants 
dying as a result of congenital syph- 
ilis there were eight liveborn prema- 
ture infants and one stillborn full- 
term fetus. All of the members of 
this group were Negro. There were 
five males and four females. Their 
weights varied from 1,090 to 2,920 
grams, with an average weight of 
1,766 grams. The duration of life of 
the liveborn infants varied from 55 
minutes to 6 days; six infants died 
less than 12 hours after delivery. The 
maternal serologic reaction of the 
blood was positive in eight cases; in 
the ninth no record of the maternal 
serologic reaction was available, but 
this mother was said to have received 
irregular antisyphilitie therapy dur- 
ing the last trimester of her preg- 
naney. The diagnosis of congenital 
syphilis was suggested during the life 
of six of the eight liveborn infants. 

Splenomegaly was constantly pres- 
ent in the patients who died as a re- 
sult of congenital syphilis, the weight 
of the spleen varying from 1.5 to over 
ten times the normal weight; in five 
of these infants the spleen weighed 
more than four times the expected 
normal weight. (The normal weight 
of the organ, based on the weight of 
the infant or fetus, was obtained from 
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Potter and 


Occasionally, no gross ab- 


the figures given by 
Adair.**) 
normalities were noted in the spleen 
More fre- 


other than increased size. 


quently, however, patchy areas of 
thickened opaque capsule were noted, 
and at times fibrinous or fibrous ad- 
the 
spleen and the diaphragm, stomach, 
On section the 

firm, but 

connective 


hesions were present between 


or liver. splenie 
in- 
tissue 


parenchyma was an 


creased amount of 
demonstrable 


Although 


congenital syphilis is often attributed 


was not macrosecop- 


ically. splenomegaly in 
to simple hyperplasia, in the present 
the 
finding was that of extensive diffuse 


series most constant histologic 
hematopoiesis, the hematopoietic cells 
the immature 


type seen in the viscera of patients 


often being of large 
dying of erythroblastosis fetalis. In 
addition, foeal areas of necrosis were 
occasionally present, and were some- 
times accompanied by areas of fibrosis 
fetus the 


areas of necrosis suggested actual in- 


and calcification. In one 
farets. 

The weight of the liver varied from 
1.1 to 2.0 times the normal weight; in 
six infants it was 1.5 times the normal 
weight or larger; in the remaining 
three patients the weight of the liver 
was probably within the range of nor- 
Multiple punctate 
gray zones were often visible beneath 
The organ was 
often faintly green in the fresh state 


mal variation. 


Glisson’s capsule. 


and deep green following fixation in 
formalin. Solitary yellow indurated 
areas 0.6 and 2.5 em. in diameter were 
present on the surface of the liver in 
two no definite 
increase of connective tissue was de- 
monstrable Histologically 
diffuse hematopoiesis similar to that 


infants; otherwise, 


grossly. 
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noted in the spleen was usually pres- 
The 


contained a 


ent. portal connective tissue 
‘rather heavy in- 
At- 


rophy and disappearance of hepatic 


often 
filtrate of myelopoietic cells. 


cords with collapse of the stroma was 
encountered more frequently than ae- 
tual increase of intralobular connec- 
tive tissue. In the solitary foci of 
induration noted macroscopically, 
however, the hepatie architecture was 
almost entirely destroyed by a diffuse 
fibrotic process; multiple miliary ab- 
scesses were present throughout one 
such focus. Such solitary nodules oe- 
curring in the viscera of patients with 
congenital syphilis have often been 
erroneously referred to as gummas."' 

Definite pancreatic changes were de- 
infants. Two in- 
fants revealed no distinet gross or mi- 


monstrable in six 
croseopie alterations in the pancreas. 
The the stillborn fetus 
contained a rather heavy infiltrate of 
lymphoeytes about the larger ducts 
but was not 
The most constant finding in the pan- 
creas was that of a diffuse interstitial 
fibrosis with a paucity of acini but 
with little or no involvement of the 
islets of Langerhans. Diffuse or fo- 
eal infiltrates of macrophages, lym- 
phoeytes, neutrophils, and hematopoi- 
etie cells were often associated with 
the interstitial pancreatic fibrosis, and 
in one infant large areas of necrosis 
and ealcification were present. 


pancreas of 


otherwise remarkable. 


Among the most constant patho- 
logic findings in patients with congen- 
ital syphilis are those occurring in the 
ends of the long bones.*% Gross or 
microscopic abnormalities at the line 
of ossification were noted in all of the 
patients in this series, although they 
varied considerably in intensity from 
ease to case and even in different 
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bones in any one case. In some in- 


stances the line of ossification ap- 
peared relatively straight but was 
wide and yellow. In others an in- 


creased width and a yellow discolora- 
tion of the line of ossification were 
associated with varying degrees of ir- 
regularity, culminating in the clas- 
sical ‘‘saw-tooth’’ line of ossification. 
A distinct yellow discoloration of the 
marrow itself was noted in a few in- 


stances. 
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severely involved cases, however, 
there was severe distortion of the line 
of ossification with irregular vascu- 
larization of the cartilage, persistence 
of cartilage matrix and cells well into 
the metaphysis, and separation of ear- 
tilaginous and bony trabeeula by 
cellular connective tissue (Fig. 7). 


Fibrosis of the marrow with loss of 
normal hematopoietic activity was oe- 
casionally present, as was a reactive 
or exudative periostitis. 





Fig. 7. 
osteochondritis. 
trophic” cartilage 
cartilage. ( X35.) 


cells is wide, and there 

Histologically the less severely in- 
volved bones revealed only an in- 
ereased zone of large, clear, degen- 
erating cartilage cells, an abnormally 
wide zone of provisional calcification, 
and varying degrees of irregularity 
of the line of ossification ; little or no 
inflammatory infiltrate was present at 


the line of ossification. In the more 


Section of the epiphyseal line of the upper end of the tibia illustrating syphilitic 
The zone of provisional calcafication is wide and irregular, the zone of “hyper- 


irregular penetration of capillaries into the 

Excellent descriptions of the osse- 
ous changes of congenital syphilis are 
included in the papers of Wegner,'"® 
Schmidt,” Tschistowitsch,"* and 
Schneider.“- Wegner differentiated 


three stages of osteochondritis. The 
first stage is characterized by a 


slightly increased growth of the car- 
tilage cells, a widened zone of pro- 
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visional calcification of cartilage, and 
the transformation 
of cartilage into true bone. 


a retardation in 
The seec- 
ond stage is essentially a progression 
of stage one with a still wider zone of 
calcified cartilage and extreme irreg- 
ularity of the zone of provisional eal- 
cification, the latter extending as ir- 
regular warty processes of calcified 
cartilage far into the epiphyseal ear- 
tilage. The third stage is character- 
ized by a progression of the changes 
noted in the preceding stages, but 
now the additional feature of a zone 
of granulation inflamma- 
tory infiltrate is present in the region 
In this stage sep- 
aration of the epiphysis may occur as 
the of ear- 
tilage and bone and their replacement 
by this zone of granulation tissue. 
Wegner the 
osteochondritis 


tissue and 
of the metaphysis. 


a result of destruction 


Aceording to various 


stages of syphilitic 
are essentially a progression of one 
another, the granulation tissue of stage 
3 merely representing reaction to ne- 
crosis brought about by impaired nu- 
trition of the heavily calcified ear- 
Sehneider,** 
vides syphilitic osteochondritis into a 


tilage. ” however, di- 
passive form (Wegner’s stages 1 and 
form (Wegner’s 
stage 3) and that two 
forms may represent different types of 
reaction rather than successive stages 


» 


2) and an active 


feels these 


of one another, active osteochondritis 
representing more vigorous reaction 
on the part of the host to the spiro- 
chetes. 

Although no classical examples of 
pneumonia alba were seen macroscop- 
ically in this pulmonary 
changes which were presumably the 
result of congenital syphilis were de- 
monstrable in six of the nine fetuses 
The most frequent find- 


series, 


and infants. 








THE JOURNAL OF PEDIATRICS 


ing was that of an interstitial pneu- 
monitis, the alveolar septa being 
thickened by a cellular infiltrate of 
mononuclear cells. Less frequently 
numerous large mononuclear 
were present in the pulmonary alveoli 
and in the pleura. Both these his- 
tologiec patterns have been described 
as ‘‘pneumonia alba.’’ 

In addition to these changes which 
were presumably specifie in charac- 
ter, six patients had focal accumula- 
tions of neutrophils in the alveoli, i.e., 
an apparently nonspecific broncho- 
pneumonia. Similar findings have 
been reported by Chase,** who at- 
tributes the death of the majority of 
syphilitic infants under one month of 
age to aspiration pneumonia follow- 
ing intrauterine asphyxia. 

Gross evidence of meningitis was 
not demonstrable in these patients 
with congenital syphilis, although the 
basilar meninges sometimes appeared 
slightly opaque and the subarachnoid 
fluid somewhat gelatinous and in- 
creased in amount. Histologic sec- 
tions of the brain and meninges were 
available for study in all but one pa- 
tient. In four there was a subacute 
or chronic meningitis consisting of an 
infiltrate of macrophages in the lepto- 
meninges, occasionally with an associ- 
ated lymphocytic infiltrate. 


cells 


Gross evidence of syphilitic enteri- 
tis in the form of raised yellow bands 
encircling the ileum, as described by 
D’Aunoy and Pearson,*® was not en- 
countered in the present series. How- 
ever, histologic sections of the bowel, 
available in eight patients, revealed a 
definite inflammatory infiltrate in four. 
The lamina propria was often rela- 
tively acellular; rarely, it contained 
an infiltrate of lymphocytes, plasma 
cells, macrophages, and neutrophils. 
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The submucosa was fibrotic and con- 
tained an infiltrate of similar cells; 
in one patient there was perivascular 
proliferation of fibroblasts with re- 
sultant formation of multiple concen- 
trie rings of collagen about the sub- 
mucosal vessels. The muscularis con- 
tained a cellular exudate consisting 
principally of neutrophils with vary- 
ing numbers of lymphocytes; the neu- 
trophilie infiltrate was often focal as 
well as diffuse, forming minute mili- 
ary abscesses in or between the mus- 
cle coats. Varying degrees of inflam- 
matory infiltrate were present in the 
serosa; in one patient fibrous adhe- 
sions had oceurred between two ad- 
joining loops of jejunum, These 
changes in the bowel were often as- 
sociated with a diffuse increase of 
macrophages in the mesenteric lymph 
nodes. 

Histologie sections of the hypophy- 
sis were available in five patients; in 
two there was definite evidence of 
syphilitie hypophysitis.°° The hy- 
pophysis in these two patients was 
yellow and protruded well above the 
sella tureica. Histologically there was 
diffuse interstitial fibrosis of the an- 
terior lobe of the hypophysis; in one 
there also were miliary foci of necro- 
sis. Steiner’®® has attributed such 
miliary necroses in congenital syph- 
ilis to conglomerations of actively re- 
producing spirochetes. 

Sections of the adrenal glands were 
available in eight of the nine patients. 
In three patients there was an in- 
filtrate of macrophages in the capsule 
of the adrenal and in the adjoining 
connective tissue. In one of these pa- 
tients and in one additional patient 
capsular extensions of connective tis- 
sue were present in the superficial 
cortex, separating the cells of the lat- 
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ter. According to Fite,** such eapsu- 
lar changes are the most frequent 
characteristic lesion in the adrenal 
glands of patients with congenital 
syphilis; nevertheless they were ob- 
served by him in less than 10 per cent 
of the cases of congenital syphilis. 
This rarity of pathologie alteration in 
the structure of the adrenal glands in 
congenital syphilis is in striking con- 
trast to the frequeney with which 
spirochetes can be demonstrated in 
these glands; they are one of the most 
frequent sites in which spirochetes 
can be demonstrated in cases of con- 
genital syphilis.** 7° 

There were five additional liveborn 
infants in whom the pathologie find- 
ings suggested the diagnosis of con- 
genital syphilis but were insufficient 
to establish this diagnosis positively. 
Three of these infants are included in 
the group of cases in which no an- 
atomic cause of death was demon- 
strated; one infant died as a result of 
fetal anoxia and one as a result of a 
purulent meningitis. The maternal 
serologic reaction of the blood was re- 
corded as positive for three of these 
infants; in two no record of the ma- 
ternal serologic reaction was avail- 
able. Three mothers gave a history 
of receiving antisyphilitie therapy 
during pregnancy, but the time, type, 
and amount of therapy were not al- 
ways stated. 

The pathologie changes which sug- 
gested the possibility of congenital 
syphilis in these patients were prin- 
cipally osseous. However, inasmuch 
as four of the five infants were pre- 
mature and lived 7 to 21 days, the pos- 
sibility that the osseous changes were 
due to vitamin deficiencies rather 


than to congenital syphilis could not 
be excluded. 


Large immature hema- 
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topoietic cells were present in ex- 
tramedullary foci in two patients, but 
such a change is nonspecific and does 
not warrant a positive diagnosis of 
congenital syphilis. In one infant 
there was a suggestion of focal intra- 
lobular hepatie fibrosis, but the ap- 
pearance of the hepatic lesions was 
not entirely typical of those seen in 
congenital syphilis and no spirochetes 
the liver. 


Stains for Treponema pallidum were 


could be demonstrated in 

uniformly negative in all five patients 

in this latter group. 

Congenital syphilis was 
nine fetal 

All but one of the pa- 

liveborn 


Summary. 


responsible for and neo- 


natal deaths. 
this were 


tients in group 


premature infants. Splenomegaly, 
syphilitic osteochondritis, and extra- 
the 


most constant abnormalities, followed 


medullary hematopoiesis were 


by syphilitie pancreatitis, moderate 
hepatomegaly, and syphilitie inflam- 
mation of the lungs. Other less fre- 
quent findings ineluded syphilitie in- 
the 


bowel, adrenals, and hypophysis. In 


volvement of leptomeninges, 
addition to these nine patients there 
were five infants with findings which 
suggested the diagnosis of congenital 
syphilis, but in whom this diagnosis 
could not be established positively 
either by the histologic changes or by 


stains for spirochetes. 
INTRACRANIAL TRAUMA 
Intracranial trauma as manifested 
by tears of the dural septa with or 
without subdural 
considered responsible for seven fetal 
and neonatal There 
three stillborn fetuses and four live- 
born infants; the duration of life in 
the latter group varied from 1 hour 
hours 35 minutes. 


hemorrhage was 


deaths. were 


12 minutes to 5 
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full term and 


Their weights 


Four patients were 
three were premature. 
at the time of autopsy varied from 


850 to 3,440 grams; their average 
weight was 2,552 grams. Five patients 
were Negro and two were white: 


there were six males and one female 

The dural tears involved only one 
leaf of the tentorium cerebelli in three 
patients, the falx cerebri alone in two 
patients, and both leaves of the ten 
torium cerebelli and the falx cerebri 
in two patients. Significant amounts 
of subdural hemorrhage were present 
in five patients. In one of the othe: 
fetus 


two premature 


weighing 1,660 grams, only a small 


patients, a 


amount of subdural hemorrhage was 
present in association with a tear ol 


the falx ecerebri. In the other pa- 
tient, a premature infant weighing 
850 grams, there was no subdural 


hemorrhage in spite of bilateral ten 
torial tears and a tear of the falx 
cerebri. 

Dural tears were present in an ad 
ditional seven stillborn fetuses and in 
two liveborn infants. In these nine 
patients intracranial trauma was not 
thought to be the primary cause ol 
death, and in none of this latter group 
were there significant amounts of sub 
dural hemorrhage. 

In the entire series of sixteen pa 
tients the dural tears involved only 
one leaf of the tentorium cerebelli ir 
ten patients; bilateral tentorial tears 
were present in four. Tears of the 
falx cerebri were present in four pa 
of this latter group 
associated bilateral ten- 


tients; in two 
there 
torial tears. 
The tentorial 
the superficial fibers of the tentorium 
cerebelli in eleven patients; complete 
tears involving both superficial and 


were 


tears involved only 
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leep fibers were present in three. In 
he complete tears the free anterior 
dge of the tentorium cerebelli was 
nvolved in the tear, whereas in the 
superficial tears the free edge of the 
tentorium was usually intact. The 
tentorial tears were usually located at 
or near the junction of the fibers of 
the falx cerebri and tentorium cere- 
belli; those in the falx cerebri were 
located in the middle or posterior one- 
third of the falx. As noted above, 
significant amounts of subdural hem- 
orrhage were confined to those pa- 
tients in whom intracranial trauma 
was considered to be the primary 
cause of death, but even in this group 
significant amounts of sukdural hem- 
orrhage were absent in two patients. 

Dural tears are produced by exces- 
sive or by too rapid molding of the 
head, with resultant overstretching 
and tearing of the fibers of the ten- 
torium cerebelli, or less frequently of 
the falx cerebri. Abnormal elonga- 
tion of any diameter of the skull may 
produce such tears, but vertical elon- 
gation appears to be particularly dan- 
gerous.”? According to Holland,®* 
compression of the head in the sub- 
oceipitobregmatie diameter results in 
vertical elongation of the skull. 
Greenwood, however, believes that 
engagement of the suboccipitobreg- 
matie circumference, as occurs in the 
majority of vertex presentations, re- 
sults in an anteroposterior elongation 
with no inerease in the vertical di- 
ameter of the skull; on the contrary, 
the forees acting on the aftercoming 
head of a breech presentation result 
in an inerease in the vertical diameter 
of the skull. Regardless of this dis- 
crepancy of opinion, it is generally 
agreed that tentorial tears are es- 
pecially likely to occur in fetuses and 
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infants delivered as breech presenta- 
tions in contrast to those delivered as 
vertex presentations. In the present 
group of sixteen patients there were 
five delivered as breech presentations, 
nine as vertex presentations with the 
occiput directed anteriorly, one as a 
vertex presentation with the occiput 
directed posteriorly, and one fetus 
was delivered by cesarean section. 
The presentation of 130 of the entire 
137 fetuses and infants is recorded as 
follows: eighty-seven were delivered 
as vertex presentations, twenty-eight 
were delivered as breech, fourteen 
were delivered by cesarean section, 
and one abdominal pregnancy was de- 
livered by laparotomy. Thus, in the 
present series five of the twenty-eight 
fetuses and infants delivered as 
breech presentations had dural tears 
(17 per cent), as compared to ten of 
the eighty-seven fetuses and infants 
delivered as vertex presentations (11 
per cent). This difference is not sta- 
tistically significant. 

The fact should be emphasized that 
tears of the dural septa per se are of 
little or no elinieal significance and 
are not themselves lethal lesions. 
Hemorrhage resulting directly from 
tears of the dural septa is usually 
slight or absent®*; extensive subdural 
hemorrhage associated with tentorial 
tears is usually secondary to stretch- 
ing and tearing of the tributaries of 
the great cerebral vein.?* *’ There is 
no absolute relationship between the 
degree of tentorial damage and the 
amount of subdural hemorrhage.** It 
seems highly probable that many 
dural tears heal spontaneously with- 
out producing symptoms. On _ the 
other hand, dural tears are definite 
evidence of abnormal intracranial 
stress and as such may be a mani- 











festation of the cause of death. The 
subdural hemorrhage which may ac- 
company dural tears is the usual 
lethal lesion, 

Summary.—Intracranial trauma, as 
manifested by tears of the dural septa 
with or without subdural hemorrhage, 
was responsible for seven fetal and 
neonatal deaths. Significant amounts 
of subdural hemorrhage were present 
in five of these seven patients; in two 
premature patients, however, the ab- 
normal intracranial stress responsible 
for the dural tears was considered to 
be responsible for death, even though 
significant amounts of subdural hem- 
orrhage were absent. 

Tears of the dural septa were pres- 
ent in nine additional fetuses and in- 
fants; in this latter group they were 
not associated with significant 
amounts of subdural hemorrhage and 
were not thought to represent the pri- 
mary cause of death. 

There was no significant increase in 
the incidence of tears of the dural 
septa in fetuses and infants delivered 
as breech presentations when com- 
pared to fetuses and infants deliv- 
ered as vertex presentations. 

Tears of the dural septa are defi- 
nite evidence of abnormal intracranial 
stress, but the tears themselves are 
not lethal lesions. It seems highly 
probable that many dural tears may 
heal spontaneously and give rise to 
no symptoms. The subdural hemor- 
rhage which may accompany these 
tears is the usual cause of death. 


MISCELLANEOUS LESIONS 


Miscellaneous lesions accounted 
for the deaths of eighteen infants in 
the present series. These included ex- 
amples of kernicterus (five), dural 
sinus thrombosis (two), meningitis 
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(two), erythroblastosis fetalis (two), 
bilateral tension pneumothorax 
(two), and one example each of mas- 
sive intrapulmonary hemorrhage, se- 
vere subarachnoid hemorrhage, om- 
phalitis, infarction of the brain, and 
sepsis. All of the patients in this 
group were liveborn infants. Details 
with respect to age, weight, sex, and 
race are recorded in Table VIII. 
Comment should be made con- 
cerning the patients with kernicterus. 
In five infants death was attributed 
to kernicterus. In all of these infants 
the immediate cause of death was 
probably pulmonary in nature, as ev- 
idenced by severe intrapulmonary 
hemorrhage or pulmonary edema. 
However, since such pulmonary 
changes may be secondary to damage 
to the central nervous system, mani- 
fested grossly by kernicterus, the lat- 
ter was arbitrarily considered the pri 
mary cause of death. Kernicterus was 
present in an additional four Negro 
infants in whom it was not considered 
to be the primary cause of death. 
Gross or microscopic abnormalities 
sufficient to warrant a diagnosis o! 
erythroblastosis fetalis were present 
in only one of these nine infants with 
kernicterus. Since serologic studies 
of the blood groups and Rh types of 
the mothers and infants were not per 
formed routinely the diagnosis 0! 
erythroblastosis fetalis could not b: 
excluded positively in the remaining 
eight infants. It is recognized that 
histologic changes may be minimal ii 
the organs of some infants dying wit! 
kernicterus, and the diagnosis 0! 
hemolytic disease in such infants may 
be difficult or impossible to establis! 
on the basis of purely morphologic 
studies.*? Furthermore, although 
erythroblastosis fetalis has been con 
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sidered to be rare among Negroes, 
evidence has recently been presented 
o indicate that isosensitization occurs 
in Rh,-negative Negroes 
approximately same fre- 


American 
with the 
queney as in Rh,-negative Caucasoid 
individuals; therefore, since the in- 
eidence of the Rh-negative type in 
the American Negro is only slightly 
more than one-half of that in Cau- 
the of erythro- 
blastosis fetalis in Negroes should be 


casians, incidence 


correspondingly lower.** 
TABLE VITI. 


WEIGHT IN 
GRAMS AT 


TIME OF 
AGE AUTOPSY SEX 
3 da. 2,300 Male 
6 da. 1,940 Female 
8 da. 1,400 Female 
5 da. 1,200 Male 
5 da. 2,000 Male 
14 da. 1,520 Male 
19 da. 1,128 Female 
7 da. 1,065 Male 
11 da. 1,700 Male 
7 da. 2,240 Male 
2 hr. 3,030 Female 
3 hr. 1,820 Male 
37 min. 1,680 Male 
1 da. 900 Male 
31 min. 520 Female 
2 da. 1,550 Male 
11 da. 1,410 Male 
15 da. 1,200 Female 
The facts mentioned above east 


some doubt on the absence of erythro- 
hlastosis fetalis in these infants. How- 
ever, the paucity of clinieal and path- 
evidence of erythroblastosis 
fetalis and the fact that eight of the 
nine infants were Negro suggest that 
some of these infants may represent 
‘xamples of kernicterus occurring in 
\onerythroblastotie infants. Although 
this supposition could not be proved 
in this series, Zuelzer and Mudgett'*® 
ave recently reported a considerable 
series of patients with kernicterus in 


ologie 
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whom the diagnosis of erythroblasto- 
sis fetalis and other forms of isoim- 
munization was excluded by serologic 
studies of the mothers and infants. 


DEATH FROM UNKNOWN CAUSES 


There were thirty fetuses and in- 
fants in whom no anatomic cause of 
death could be demonstrated. Fifteen 
were stillborn fetuses and fifteen were 
liveborn infants. The duration of 
life of the liveborn infants varied 
from 5 minutes to 21 days; eleven in- 
hours. The 


9 


fants lived less than 3 


MISCELLANEOUS CAUSES OF DEATH 


RACE CAUSE OF DEATH 
Negro Kernicterus 

Negro Kernicterus 

Negro Kernicterus 

Negro Kernicterus 

White Kernicterus 

Negro Thromboses of dural sinuses 
Negro Thromboses of dural sinuses 
Negro Meningitis 

Negro Meningitis, localized 

Negro Erythroblastosis fetalis 

Negro Erythroblastosis fetalis 

Negro Bilateral tension pneumothorax 
Negro Bilateral tension pneumothorax 
Negro Intrapulmonary hemorrhage 
White Severe subarachnoid hemorrhage 
Negro Infarction of brain 

Negro Omphalitis 

Negro Sepsis 


weights of the liveborn infants at the 
time of autopsy varied from 640 to 
3,580 grams; their average weight 
was 1,575 grams. Only two of these 
infants were full term as judged by 
weight, and six were previable pre- 
mature infants. The weights of the 
stillborn fetuses varied from 840 to 
3,200 grams; their average weight 
was 2,234 grams. In the entire group 
of thirty fetuses and infants there 
were nineteen females and eleven 
males. Twenty-two patients were 
Negro and eight were white. 
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corded for twenty-eight 


manner of delivery was _ re- 


fetuses and 


infants. Twelve patients were de- 


livered as vertex presentations, ten 


as breech presentations (ineluding 


one version and extraction), and six 
were delivered by cesarean section. 
More complete maternal records 
were available for twenty-five of the 
fetuses and infants in this group. 
There were five examples of prema- 
ture separation of the placenta, two 
of placenta previa associated with the 


blood 


prior to delivery, and one example 


loss of significant amounts of 
each of prolapse of the umbilical cord 
the 
All 


of the fetuses and infants for whom 


and of spontaneous rupture of 


uterus following prolonged labor. 


the above complications were recorded 
within 
Thus, in at 
least one-third of the fetuses and in- 


were either stillborn or died 


2 hours after delivery. 


fants for whom maternal records 
were available and in whom no ana- 
tomie cause of death could be demon- 
the 


intrauterine 


strated, maternal reeords sug- 


vested anoxia as the 


cause of death. 
DISCUSSION 
Although fetal and neonatal deaths 
account for more than 150,000 deaths 
the United States, or 
more than two-thirds the number of 


attributed 
the same period, investigation of the 


per year in 


deaths to eaneer during 
causes of death of these fetuses and 
often 
satisfactory from the standpoint of 


infants is eursory and is un- 


both the clinician and the pathologist. 
The cause of death is frequently at- 
tributed to prematurity alone; how- 
ever, this is never a cause of intra- 
uterine death and by itself is rarely 


adequate to explain the death of a 
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liveborn infant. In like manner até 
lectasis, to which the cause of death is 
often assigned, is not a cause of intra 
uterine death and should not be con 
as a primary cause of extra- 
death. 
such as these, often based on incom 


sidered 
uterine Unqualified diagnoses 
plete post-mortem examinations and 
inadequate clinical records, add little 
or nothing to the knowledge of the 
clinician determining 
the cause of death of a given patient 
Furthermore, the erroneous assump 


interested in 


tion that such diagnoses are adequate 
to explain the death of a fetus or in 
fant leads to apathy on the part of 
the pathologist, who may feel that 
prematurity and atelectasis explain 
the majority of fetal and 
deaths and that little is to be gained 
examina- 


neonatal 


detailed 
tions. It is 
clinicians and pathologists alike fre- 


by post-mortem 


no wonder, then, that 
quently consider necropsies on fetuses 
and infants to be of little value and 
accordingly relegate the performance 
of such necropsies to the inexperi 
enced pathologist. 

The lack of cooperation between 
clinicians and pathologists dealing 
with newborn infants is particularly 
unfortunate, since there is probably 
no period of life during which clinical 
The re- 
sponses of the newborn infant to a 
variety of stimuli, anoxic, traumatic, 
or infectious, are relatively limited, 
and as a result, a variety of patho 


diagnoses are so unreliable. 


logie processes may produce similar 
clinical and The 
true nature of the underlying disease 
by 


signs symptoms. 


ean often be established only 
means of a detailed post-mortem ex 
amination. 

Not only must the clinician have 


the cooperation of the pathologist in 
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order to determine the true cause of 
death, but the pathologist must avail 
himself of all of the clinical data in 
order to interpret correctly the find- 
ings at the post-mortem examination. 
For example, in the absence of any 
maternal record it may be impossible 
to evaluate the relative importance of 
a superficial tear of one leaf of the 
mild subdural 
hemorrhage, and moderately severe 
aspiration of amniotic debris in an in- 
fant dying two hours after birth. To 
continue this hypothetical case, how- 
ever, the maternal record might re- 
veal the loss of large amounts of blood 
secondary to an abruptio placentae, a 
decline the fetal heart rate 
eurring shortly after the onset of 
labor and coincident with the hemor- 
rhage, and a slow fetal heart rate per- 
sisting throughout the course of labor. 
In view of these elinical and patho- 
logic observations it would seem logi- 
-al to assume that intrauterine anoxia, 
as evidenced by the aspiration of ex- 
of amniotie debris 
was the primary cause of death, with 
intracranial contributory 


tentorium cerebelli, 


in 0e- 


cessive amounts 


trauma a 


factor. Obviously, in many cases 
only an arbitrary decision can be 
made as to the primary cause of 


death, but such decisions ean he made 
more intelligently when the patho- 
logie findings are correlated with the 
clinieal reeord of the mother and in- 
fant. 

As has been pointed out, prema- 
turity is never an adequate explana- 
tion for intrauterine death and only 
rarely, in extreme instances, may pre- 
extra- 


alone explain an 


However, the impor- 


maturity 
uterine death, 
tanee of prematurity as a factor in 
neonatal deaths ean hardly be over- 
emphasized. Premature infants com- 
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prise only 5 to 10 per cent of all live- 
births; nevertheless, well over 50 per 
eent of ail neonatal deaths oceur in 
premature infants. Furthermore, the 
mortality rates of premature infants 
are inversely proportional to their 
birth weights. In spite of the close 
association of prematurity with neo- 
natal mortality, careful post-mortem 
examinations will reveal, in addition 
to immaturity, a cause of death in 
the majority of premature infants. 
In the present series, for example, an 
adequate cause of death was demon- 
strated in seventy-one of the eighty- 
four premature liveborn infants (84 
per cent). Acceptance of the fact 
that prematurity, uncomplicated by 
other disorders, the sole 
cause of death should result in more 
adequate prevention, diagnosis, and 
treatment of such disorders. This in 
turn should cause a decrease in the 
neonatal mortality rate of premature 
infants. 


is seldom 


Statistical surveys of the causes of 
death of large numbers of fetuses and 
infants, post-mortem ex- 
aminations, have been presented by a 
number of authors. How- 
ever, features in the 
present series are worthy of further 
comment, i.e., (1) the high incidence 
of inflammatory lesions, and (2) the 
frequency of pulmonary lesions. 

Inflammatory lesions (bronchopneu- 
monia, congenital syphilis, meningitis, 
omphalitis, and sepsis) were econ- 
sidered responsible for twenty-three 
of the 137 fetal and neonatal deaths 
(16 per cent); they were considered 
responsible for the deaths of twenty- 
two of the 102 liveborn infants (21 
per cent), and for only one of the 
thirty-five fetal deaths. Among the 
twenty-two infants dying as a result 


based on 


28, 33, 64, 70, 85 


certain noted 
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of inflammatory conditions, eleven 
lived less than 24 hours. 
Inflammatory processes of various 
types were present in an additional 
thirty-two infants and five fetuses in 
whom the primary cause of death 
was not considered to be inflamma- 
tory in nature; included in this group 
were examples of bronchopneumonia, 
otitis media, omphalitis, meningitis, 
Although a few of 


the inflammatory conditions in these 


and peritonitis. 


patients were directly related to the 
primary cause of death (as inflamma- 
tion of the 
with anencephaly), more frequently 
no such definite relationship could be 


meninges in association 


established. 


entire series of 137 
inflammatory 


the 
and 


Thus, in 
fetuses infants 
lesions were present as primary or 
contributory causes of death in sixty 
(43 per cent); they were present in 
fifty-four (52 of the live- 
born infants and in six of the thirty- 
Inflammatory 


per cent) 


five stillborn fetuses. 
lesions were present in twenty-six of 
the sixty-four infants who died less 
than 24 hours after delivery. 
fetuses and in- 
fants the cellular infiltrate 
slight that it is doubtful if the in- 
flammatory process played any sig- 
nificant part in the death of the pa- 
tient. Furthermore, it is quite pos- 
sible that some of the inflammatory 
lesions in fetuses and infants who 
died during the early neonatal period 
may have been noninfectious in ori- 


In some of these 


was s0 


gin. Evidence has already been pre- 
sented to indicate that some examples 
of intratuerine bronchopneumonia may 
be due to the inhalation of sterile, but 
irritating, contents of the amniotic 
However, recognition of these 
little from the 


sac. 


facts should detract 
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importance of infection as a primary 
or contributory cause of death during 
Although bae 
teriologie proof is lacking in this 
series (because of the nature of th 
post-mortem material available), it 
seems highly probable that many, i! 
not the majority, of the inflammatory 
processes described in these infants 
were due to infectious agents; thos« 
observed in infants who died several! 


the neonatal period. 


days after delivery were undoubtedly 
infectious in origin. 

Signs and symptoms referable t 
infection are often obscure or absent 
in newborn infants, and as a result, 
the diagnosis of infection may not be 
suspected until post-mortem examina- 
tion is performed. Accordingly, the 
clinician dealing with newborn in- 
fants must be cognizant of the fre 
queney of infections during this 
period of life, so that the proper 
chemotherapeutic and antibiotic agents 
may be administered both prophylac- 
tically and therapeutically at an earl) 
stage. 

The pathologist 
mortem examinations on fetuses and 
infants who die during the neonata 


performing post 


period should be aware of the condi 
tions commonly responsible for the 
deaths of such patients. Careful gross 
examination of the contents of th« 
eranial eavity and histologic examina 
tion of the lungs would have elicited 
the cause of death in over one-half o! 
the fetuses and infants in this series 
and histologic examination of the lungs 
alone would have indicated the caus« 
of death in forty-nine fetuses and in- 
fants (35 per cent). Discussions of 
the lesions demonstrable in the lungs 
of these fetuses and infants have been 
included in the sections on intra- 


uterine anoxia, intrapulmonary hya- 
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line membrane, and bronchopneu-_ tered it should be obvious that the 
monia. In addition, there was one pathogenesis and significance of many 
example of massive intrapulmonary of these lesions is only poorly or not 
hemorrhage; the exact etiology of at all understood. Only by means 
this lesion is not clear, some authors’ of carefully conducted experimental, 
favoring an infectious origin and _ clinical, and post-mortem studies, and 
others attributing the lesion to anoxia correlation of the findings brought 
or to eerebral damage. out by such studies can these prob- 

Although histologie examination of lems be further elucidated. It is 
the lungs will frequently elicit the hoped that the present paper may 
cause of death of fetuses and newborn _ serve as a stimulus to such studies. 
infants, pulmonary lesions only ean 





e SUMMARY 
he interpreted properly when corre- 


lated with a complete post-mortem An adequate anatomic cause of 
examination and elinieal reeord. death was demonstrated in 107 of 137 
l‘urthermore, the fact should be em- fetuses and infants who died during 
phasized that the pulmonary lesions’ the neonatal period; anatomic causes 
demonstrable may not be directly re- of death were demonstrable in eighty- 
sponsible for death. For example, seven (85 per cent) of the 102 live- 
aspiration of excessive amounts of born infants and in twenty of the 
amniotie debris is indicative of intra- thirty-five stillborn fetuses. 
uterine anoxia; it is the anoxia which Intrauterine anoxia, as evidenced 
is usually responsible for death rather by aspiration of excessive amounts of 
than the presence of amniotic debris the contents of the amniotic sac, was 
within the lungs. In such patients the single leading cause of death, ac- 
examination of the placenta or a care- counting for 16 per cent of the fetal 
ful maternal history may reveal the and neonatal deaths. From the avail- 
cause of the intrauterine anoxia. able evidence, it is coneluded that re- 
The fact should be emphasized that peated deep intrauterine respiratory 
gross examination of the lungs of movements with resultant aspiration 
fetuses and newborn infants is of large amounts of amniotic debris 
usually entirely unsatisfactory from are not a normal occurrence and that 
the diagnostic standpoint, and that the presence of large amounts of am- 
definitive diagnoses of pulmonary niotie debris in the lungs is evidence 
lesions ean be established only by ex- of fetal anoxia. Fetuses and infants 
amination of histologic sections. dying as a result of fetal anoxia prob- 
Moreover, the lesions may not be dis- ably do so as the result of cerebral 
tributed uniformly throughout both damage and not primarily as a result 
lungs, and their intensity may vary of the inhalation of amniotic debris. 
at different sites, so that multiple see- Intrapulmonary hyaline membranes 
tions of the lungs must be examined were the leading cause of death in 
histologically in order to evaluate  liveborn infants, accounting for the 
properly the importance of any given deaths of fifteen premature infants; 
esion. such membranes were not observed in 
From a review of the discussions of stillborn fetuses. The pathogenesis 
the various pulmonary lesions encoun- of these intrapulmonary hyaline mem- 
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Although no 


reached as to the na- 


branes is cdiseussed, 
conelusions are 
ture of the material comprising the 


membranes, evidenee is advaneed to 


support the coneept that vaseular 
damage and inereased capillary fra- 
gility may play a role in their origin. 


Major 


responsible for the deaths of fourteen 


congenital anomalies were 

fetuses and infants, and major or po- 
lethal 

three 


anomalies were 


other 


pres- 
More 


than one anomaly was present in over 


tentially 
ent in patients. 
fetuses and in- 
attributed 
Minor con- 


50 per eent ot those 


ants whose deaths were 


to congenital anomalies. 


genital anomalies, some of which 


might assume elinieal significance 


somewhat later in life, were often 


present in the absenee of any major 


anomaly 


Intraventricular hemorrhage was 


the single leading cause of death of 


previable premature liveborn infants. 
Although other factors play a part in 
their pathogenesis, prematurity is cer 
tainly the most important factor pre- 


disposing to intraventricular hemor- 


I hage 


Bronchopneumonia was considered 


responsible for the deaths of ten live- 


born infants and was present in 


twenty-nine other nonsyphilitie fe- 


tuses and infants. Although some ex- 


amples of intrauterine pneumonia 


may be secondary to aspiration of 


sterile, but irritating, contents of the 


amniotic sae, many are probably due 


to the aspiration of amniotie fiuid 
which has been contaminated by bae- 
teria. There was a significant in- 


crease in the incidence of pneumonia, 


presumably developing in utero, fol- 


lowing prolonged labor or aspiration 


ol excessive amounts of amniotie dle- 


ris. 
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Congenital syphilis was responsibl« 


for nine fetal and neonatal deaths 


Splenomegaly, syphilitic osteochon 


dritis, and extramedullary hemato 
poiesis were the most constant abnor 
malities found in these patients, fol 
lowed by syphilitic pancreatitis, mod 
erate hepatomegaly, and syphilitie in 
flammation of the lungs. Other less 
frequent findings ineluded syphilitic 
the 


bowel, adrenals, and hypophysis. 


involvement of leptomeninges 
Intracranial trauma, as manifested 
the 
subdural 


by tears of dural septa with or 


without hemorrhage, was 
responsible for seven fetal and neo 
natal deaths. Many tears of the dural 


septa probably heal spontaneously 
and give rise to no definite symptoms 
the subdural hemorrhage which may 
accompany dural tears is the usual 
cause of death. 

considered to be 


Kernicterus was 


the primary cause of death in five 
liveborn infants and was present as a 
contributory cause in four other it 
The 


gests that some of these infants repre 


fants. available evidence sug 


sent examples of kernicterus oecur 


ring in nonerythroblastotie infants. 


In at least one-third of the fetuses 


and infants for whom maternal rec 


ords were available and in whom n 
death 


maternal 


anatomie eause of eould be 


demonstrated, the records 
suggested intrauterine anoxia as th 
cause of death. 

Prematurity, uncomplicated by othe 
disorders, is seldom the sole cause 0 
death. 


tions 


Careful post-mortem examin: 


will reveal, in addition to in 


maturity, a cause of death in the m: 


jority of premature infants dying 


during the neonatal period. 
lesions, 


Inflammatory many 0 


1 


which are probably infectious in or 
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in, play an important role as pri- 
nary and contributory causes of 


death in the neonatal period; they 


were 


present in 52 per cent of the 


liveborn infants in this series. 


Histologic examination of multiple 


sections of the lungs is an essential 


part of any post-mortem examination 


of a fetus or newborn infant. 


In this 


series, histologie examination of the 
lungs alone would have indieated the 


cause of death in 35 
fetuses and infants, 


lesions 


>~ 


per cent of the 
The pulmonary 
encountered 


are frequently 


indicative of the cause of death, but 


ean be interpreted properly only when 











correlated 


post-mortem 


studies 


. Baar, H. S.: 


3. Barelay, A. E., Franklin, K. J., 


. Barcroft, J.: 


with the elinieal record 


and with the findings of a complete 


Further 
better 


examination. 


are necessary for a 


understanding of the pathogenesis and 
significance of many of the commonly 
observed pulmonary lesions. 
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TREATMENT OF OBSTRUCTIVE ATELECTASIS BY AEROSOL 
ADMINISTRATION OF PROTEOLYTIC ENZYMES 
J. F. Craven, M.D. 
New ORLEANS, La. 


EROSOL administration of bron- 

chodilating drugs, such as epi- 
nephrine and Neo-Synephrine, has 
proved helpful in the management 
of postoperative atelectasis." 

In the following case of obstrue- 
tive atelectasis, the proteolytie en- 
zymes streptokinase (SK), strepto- 
dornase (SD), and erystalline tryp- 
sin were employed in a similar man- 
ner in an attempt to dissolve the ex- 
udative plug blocking the bronchus. 

The patient thus treated suffers 
from amyotonia congenita and has 
marked weakness of the intercostal 
muscles. Bronchoseopie aspiration 
under general anesthesia was _ post- 
poned beeause ot its obvious risk. 
In view of the poor prognosis, the 
rapid recovery following the use of 
aerosol trypsin prompted this report. 

CASE REPORT 

M. E., white male, 4 years of age, 
was admitted to Southern Baptist 
Hospital, New Orleans, La., on April 
9, 1952, with a high temperature and 
chest pain of twelve hours’ duration. 
or three weeks prior to admission, 
the patient had been under treat- 
ment for an upper respiratory infee- 
tion which persisted despite pro- 
longed treatment with penicillin and 
terramyein. 

The diagnosis of amyotonia con- 
genita was made when the patient 
was 10 months old. The lower ex- 
tremities have been flaccid from 
birth but recently there has been 
slight increase in the muscle tone of 
the upper extremities and back. The 
patient has never been able to sit 
without support and feeds himself 
poorly. He recovered from two at- 
tacks of pneumonia in the second 
year of life. 

Physical eramination revealed an 
acutely ill child with marked respira- 
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tory distress. He was moderately de- 
hydrated and had an oral tempera- 
ture of 103° F. The P.ML.I. was dis- 
placed to the left anterior axillary 
line and the trachea was displaced 1 
em. to the left at the suprasternal 
noteh. 

Dullness and tubular breath sounds 
were noted at the left base. Breath- 
ing was largely diaphragmatie and 
the child was unable to cough up the 
loose mucus in the tracheobronchial 


tree. 


Fig. 1.—Anteroposterior view, April 11! 
1952, showing atelectasis of left lower lob 
and bilateral interstitial pneumonia. 


There was complete paralysis of thi 
lower extremities and marked weak 
ness of the upper extremities. 

Laboratory studies were as follows 
x-ray of chest revealed atelectasis 0! 
left lower lobe and bilateral inte 
stitial pneumonia (Fig. 1). The whit 
blood count was 18,500 with 68 pe 
eent neutrophils, 30 per cent lympho 
eytes, and 2 per cent eosinophils 
From the pharynx cultures of Pseu 
domonas aeruginosa and alpha hemo 
lytie streptococci were obtained 
There was a 3 plus acetonuria. 
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Course in the Hospital——The tem- 
perature fell and the patient looked 
brighter following hydration and _ in- 
stitution of penicillin, streptomyein, 
and chloramphenicol therapy. Moist 
oxygen had been given from admis- 
sion, but the dyspnea persisted and 
the physieal findings in the chest re- 
mained unchanged. The patient was 
unable to cough forcibly and was too 
weak to breathe deeply or inflate bal- 
loons. 

Bronchoseopie aspiration was with- 
held beeause of the dangers of gen- 
eral anesthesia in amyotonia con- 
genita. ‘ 

On the fourth hospital day, a prep- 
aration of streptokinase (SK) and 
streptodornase (SD)* was given by 





2. 


Fig. 2.—Anteroposterior view, April 14, 
1952, showing little change following five days 
f treatment. 


the aerosol route as follows: SK 
100,000 units and SD 25,000 units 
were dissolved in 12 e.c. of normal 
saline. Using a No. 40 De Vilbiss 
nebulizer attached to an oxygen 
cylinder, 3 ¢.c. of this solution was 
nebulized at thirty-minute intervals 
ind inhaled by the patient through a 
mask. Nebulization of 3 ee. re- 
juired about ten minutes. Although 
some improvement was noted the fol- 
owing day, the physical signs and 
hest plate (Fig. 2) showed persist- 
nee of atelectasis. 





*Varidase, Streptokinase-Streptodornase, 
ederle Laboratories, New York. 
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On April 14, the sixth hospital 
day, Dr. John Dent of the Depart- 
ment of Pediatries of Tulane Univer- 
sity suggested that the more potent 
muecolytie enzyme trypsin might be 
preferable to SK-SD in this ease. 
Crystalline trypsin 250 mg. was dis- 
solved in 12 ¢.c. of Sorensen’s phos- 
phate buffer solution and 3 ¢.e. was 
nebulized every thirty minutes for 
four doses. Another 250 mg. of tryp- 
sin was inhaled in the same manner 
later that night. Following this 
course, rapid expansion of the col- 
lapsed lobe occurred within a few 
hours, as evidenced by physical find- 
ings and roentgenograms (Fig. 3). 
Moist rales over the involved area 
gradually disappeared during the 





‘ig. 3.—Anteroposterior view, April 16, 
1952, the day following aerosol trypsin, show- 
ing marked clearing of left lower lobe. 


Fig 


next two days and the patient was 
discharged from the hospital. Anti- 
bioties were continued at home until 
recovery was complete. 


DISCUSSION 


The proteolytic enzymes used above 
are now being employed in a wide 
range of diseases. 

Streptokinase and _ streptodornase? 
are elaborated by hemolytic strepto- 
cocci, Group C. The former is chiefly 
fibrinolytic and the latter reduces the 
viscosity of pus by splitting the nu- 
cleoproteins of this exudate. These 
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enzymes have been used in such varied 
conditions as chronie osteomyelitis, 
burns, ulcers, empyema, hemothorax, 
tuberculous meningitis* and, in general, 
wherever the removal of fibropurulent 
exudate is desirable. The prepara- 
tion has been used locally, intrapleu- 
rally, and intrathecally. 

Crystalline trypsin* is a_ highly 
purified extract from mammalian pan- 
ereas glands. It acts on a wide vari- 
ety of proteins and can be used when- 
ever necrotic tissue is present. Like 
SK-SD, it has been found useful in 
the treatment of chronic suppurations 
and has been used locally and intra- 
pleurally. Trypsin is a more effective 
muecolytie while SK is a more potent 
fibrinolytie. 

Pyrogenie reactions have not been 
observed from trypsin and are rare 
with SK-SD. However, the possibil- 
ity of histamine-like reactions can be 
minimized by the concomitant use of 
antihistaminics. 

The aerosol route of administration 
of these enzymes would seem to have 
certain limitations. The main objec- 
tion is that these enzymes are labile 
and deteriorate rapidly in solution. 
It is not known how much of the po- 
tency is lost by the agitation asso- 
ciated with nebulization. Second, the 
preparations are still expensive. 

Bronchoscopy is the most direct ap- 
proach to the problem of obstructive 
atelectasis. Even here, however, the 
intrabronchial instillation of trypsin 
or SK-SD might prove a useful ad- 
junet in the lysis of mucus or puru- 

*Crystalline 


trypsin (Tryptar), Armour 
l. 


Laboratories, Chicago, I 
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lent exudate not completely remova 
ble by suetion. 


SUMMARY 


A patient with obstructive atelec 
tasis in whom bronchoscopic aspira 
tion was considered hazardous reco\ 
ered dramatically following the aero 
sol administration of crystalline tryp- 
sin. It is felt that the use of trypsin 
or streptokinase and _ streptodornase 
by this route merits further trial. 
The suggestion is made that the intra 
bronchial instillation of the appropri 
ate proteolytic enzyme in conjunction 
with suction might result in more 
complete removal of the blocking exu 
date. 
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DEFICIENT PROTHROMBIN AND FIBRINOGEN IN FATAL 


ERYTHROBLASTOSIS FETALIS 


W. G. Rice, M.D.* 
St. Louis, Mo. 


WITH THE TECHNICAL ASSISTANCE OF SIsTER Mary ELvotse, §.8.M., B.Se., 
M.T. (ASCP) ** 


HEMORRHAGIC state not in- 
A frequently complicates the more 
severe types of hemolytic disease of 
the newborn (erythroblastosis  fe- 
talis). While attention has been fo- 
cused by the serologists on the dra- 
matie controversies of the antigen- 
antibody reaction which is the basis 
of this disease, severe subsidiary mani- 
festations such as hemorrhage have 
been largely neglected. It is usual to 
explain these hemorrhagic manifesta- 
tions on the basis of increased fragil- 
ity or permeability of capillaries or 
deficieney of circulating prothrombin 


activity. Proof has been generally 
lacking. In the ease here presented 


death was due to intra-alveolar pul- 
monary hemorrhage. Prolonged flu- 
idity of withdrawn venous blood was 
found to. be associated with fibrinogen 
deficiency complicated in turn by a 
prothrombin deficiency. 


CASE REPORT 


A white female infant was born 
spontaneosuly but prematurely (birth 
weight 1,900 grams) to a 29-year-old 
Rh-negative (ede/ede) mother. There 
had been two previous pregnancies: 
the first, ten years previously eulmi- 
nating in a healthy child, and a sece- 
ond, ending in a miscarriage at three 
months. At delivery the maternal 
serum contained a high titer of Rh 
antibody (specificity: anti-D: reactiv- 
ity and titer: saline 1:20,000, 20 per 
cent bovine albumin 1:5,000). There 
vas no record as to how long in the 
resent pregnancy these antibodies 
iad been present. 

At birth the child was pale, slightly 
aundiced, with labored respirations. 

*Associate Professor of Pathology, St. Louis 
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A few purpurie spots were noted be- 
neath the skin of the abdomen. The 
Coombs test initially reported as neg- 
ative was repeated on admission to 
this hospital, and found to be positive. 

The infant received a transfusion 
70 ml. of whole citrated Rh-negative 
blood via the internal saphenous vein 
before being transferred to St. Mary’s 
Hospital for an exchange transfusion. 

On admission to St. Mary’s Hospi- 
tal six hours after birth the child 
was moribund. Examination revealed 
mild ieterus, but respirations were 
labored and gasping and there was 
severe pallor and a slight degree of 
eyanosis. The infant was limp and 
there was general loss of muscle tone. 
A small amount of frothy, blood- 
tinged mucus was aspirated from the 
pharynx. 

The blood showed a severe anemia 
with erythroblastemia. Erythrocytes 
were 1.91 million/mm.*; hemoglobin 
was 6.6 grams per 100 milliliters. The 
nucleated cell count was 58,000/mm.°* 
of which 99 per cent were erythro- 
blasts. The infant was also moderately 
jaundiced, the van den Bergh test 
showing bilirubin levels of 11.1 mg. 
per 100 ml. in one minute and 18.0 mg. 
per 100 ml. in thirty minutes. 

An exchange transfusion using O- 
Rh negative (ede) citrated whole 
blood was commenced. Owing to diffi- 


eulty in entering the umbilical vein, 


the catheter was inserted in the right 
saphenous vein at its junction with 
the femoral vein. Units of 20 ml. 
were exchanged in sequence. During 
the procedure there was an increase 
in petechial spots on the abdomen. 
After six exchanges in thirty minutes, 
the infant ceased to breathe. Stimu- 
lants, withdrawal of blood, and arti- 
ficial respiration were all ineffective. 
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Fig. 1 Section of infant's liver stained with hematoxylin and eosin, showing foci of in 
mature erythroblasts, intact liver parenchymal cells, and prominent sinusoids. (250 approx 
mately.) 

Fig. 2 Section of infant’s lung stained with hematoxylin and eosin, showing excessive intr 
alveolar hemorrhage which was the immediate cause of death. (250 approximately.) 




















RICE: 
The infant had lived seven hours 
from birth. 
Autopsy—An autopsy was _ per- 


formed six hours after death by Dr. 


John Howell. The results of the 
study are summarized as follows: 
1. Jaundice. There was mild 


jaundice of the skin which did not 
extend to the seleras. There was no 
noticeable jaundice of the internal 
organs, including the brain. 

2. Extramedullary hematopoiesis 
with hepatomegaly (210 grams) and 
splenomegaly (75 grams). Sections 
of these eniarged organs showed many 
islands of hematopoiesis. In_ these 
the erythroblasts were large and im- 
mature, suggesting an arrested matu- 
ration. The liver parenchyma showed 
no lesion, but the sinusoids were dis- 
tended. (Fig. 1.) 

3. Hemorrhagic  diathesis. There 
were seattered petechiae and eechy- 
moses beneath the pleura, pericar- 
dium, peritoneum, and dura. In addi- 
tion there was extensive intra-alveolar 
pulmonary hemorrhage (Fig. 2). 
This involved large portions of the 


lungs, particularly the lower lobes. 
The intervening lung tissues were 
well aerated. 

Coagulation Defect.—Interest was 


foeused on the hemorrhagie condition. 
Venous blood withdrawn at the time 
of the exchange transfusion did not 
clot at room temperature for seventy- 
two hours! Addition of an excess of 
thrombin to this blood rapidly pro- 
duced a small filmy coagulum. It was 
therefore coneluded that a serious 
quantitative fibrinogen deficiency ex- 
isted. 

An estimation of the fibrinogen 
evel was made as follows: The fibrin 
coagulum produced from a measured 
olume of plasma by the addition of 
he thrombin was thoroughly rinsed 
n serial saline washes. The coagulum 
vas then digested with a measured 
olume of trypsin of established ni- 
trogen content. The pH was adjusted 
vith phosphate buffers to 8.0 and the 
itrogen content of the mixture was 
then estimated after acid digestion 
nd nesslerization. The value of the 
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trypsin nitrogen was then subtracted 
from the total nitrogen, leaving fibrin 
nitrogen. Multiplied by protein econ- 
version factor (6.25), the result gives 
the fibrinogen weight. 

Values of 0.4 to 0.5 gram per 100 
ml. are found in normal plasma by 
this method. In the present ease, a 
level of 0.12 gram per 100 ml. was 
recorded. A contro] plasma at the 
same time yielded a value of 0.50 
gram per 100 ml. Sinee the estima- 
tion followed an infusion of normal 
blood amounting to from 25 to 35 per 
cent of the estimated total circulating 
blood volume, the initial levels of 
fibrinogen must have been consider- 
ably lower, if not completely absent. 

There was also a prothrombin de- 
ficiency. This was estimated by the 
one-stage technique at 11 per cent of 
activity at the onset of the exchange 
transfusion and 16 per cent of activ- 
ity at the fourth change. Although 
in the absence of normal amounts of 
fibrinogen, the validity of the one- 
stage procedure is open to question, 
in this instance some degree of pro- 


thrombin deficiency was _ probably 
present. The residual fibrinogen 
clotted readily on the addition of 


thrombin. 

It is not possible to exelude the 
possibility of a combined deficiency 
of AC globulin (labile factor of 
Quick). A procedure such as Owren’s 
one-stage method? would have been 
of definite value in assessing this fea- 
ture. 

DISCUSSION 

Hemorrhagie complications, some- 
times fatal, have been observed on 
several occasions in severe hemolytic 
disease of the newborn. In the pres- 
ent instance deficiencies of fibrinogen 
as well as prothrombin were found. 

Death was due to intra-alveolar 
pulmonary hemorrhage. The oceur- 
rence of severe respiratory distress, 
blood-tinged bronchial secretions, and 
subepithelial petechiae before the ex- 
change transfusion indicate that 
hemorrhages had developed before the 
transfusion was commenced. It is 
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possible that the infusion of a single 
transfusion of 70 ml. and also the re- 
peated changes of 20 ml. during the 
exchange transfusion may have accel- 
erated the hemorrhage by inerease in 
pulmonary arterial tension. It is of 
utmost importance in this disease that 
transfused blood be injected slowly, 
so that the pulmonary circulation is 
not overloaded. 

Of the seven cases of congenital 
afibrinogenemia collected by Hender- 


son, Donaldson, and Searborough,’ 
the blood from one ease remained 
fluid after standing for thirteen 


days in the test tube. This fluidity 
of blood for prolonged periods is a 
feature of fibrinogen deficiency. One 
precaution is necessary in assessment 
of this feature: the standing blood 
should be under direct observation for 
several hours at the onset. This will 
eliminate the possibility of an early 
clot forming which subsequently re- 
dissolves by excesses of fibrinolytic 
activity. 

Fibrinogen deficiency produces pro- 
longed clotting times. In this case 
the blood was fluid after three days! 
Fibrinogen is synthesized in the liver. 
Liver damage is an important facet 
of the pathology of hemolytie disease 
of the newborn. Although on ocea- 
sion frank liver necrosis can be shown 
in these cases, in the present case 
histological studies did not reveal 
signs of morphological damage in the 
parenchymal cells of the liver (Fig. 
1). This finding does not, however, 
exclude the possibility of functional 
damage to these cells. 

It is of interest that Wiener and as- 
sociates* have recently observed fibrin- 
ogen deficiency in immunized Rh- 
negative mothers in whom the fetus 
was already dead in utero. In each 
of their three cases there was resultant 
severe maternal hemorrhage. In this 
ease the mother gave no history of ex- 
cessive bleeding during labor or post 
partum. 

Primary congenital afibrinogenemia 
disease. Seven published 
were collected by Hender- 
Afibrin- 


rare 
eases only 
son and eo-workers in 1945. 


is a 
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ogenemia in these eases occurred in 
consanguineous matings, indieating 
that in such instances the fibrinogen 
defect is probably inherited as the 
effect of homozygous recessive genes. 
There was no history of consanguin- 
ity in the present ease. Chance as- 
sociation of primary congenital afi- 


brinogenemia and hemolytie disease 
of the newborn is mathematically 
highly improbable. The fibrinogen 


defect in this present case is, there- 
fore, most probably related to the 
hemolytie disease. 

Prothrombin is also synthesized in 
the liver and the deficiency detected 
in the present case may have been 
the result of the ineffective synthesis 
by the fetal liver. Prothrombin de- 
ficiencies are a not infrequent finding 
in hemolytic disease of the newborn.‘ 
Although the mother did not receive 
vitamin K, her diet is stated to have 
been adequate. 


SUMMARY 


Fatal pulmonary hemorrhage in a 
ease of hemolytic disease of the new- 
born (erythroblastosis fetalis) was 
associated with a fibrinogen deficiency 
and an associated prothrombin de- 
ficiency. The deficiency was not cor- 
related with morphological damage to 
the hepatic parenchyma. These de 
fects were associated with a high ma 
ternal titer of saline and albumin an- 
tibodies. 


Our sincere appreciation is tendered t: 
Dr. J. Eto, Instructor in Pediatrics, for his 
assistance in assembling the details of this 
case. 
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MEDIASTINAL LYMPHOSARCOMA IN AN INFANT 


TWELVE-YEAR SURVIVAL FOLLOWING RADIATION THERAPY 


Mervin H. Sticu, M.D., Josaua Ruptinstern, M.D., Asa B. FrrepMan, M.D., 
AND Maurice Morrison, M.D. 
BROOKLYN, N. Y. 


HE purpose of this paper is to 

record in the literature a case of 
primary mediastinal lymphosareoma 
in a 7-month-old infant who was ap- 
parently eured twelve years after 
x-ray therapy. Thorough search of 
the literature has failed to reveal a 
reported five-year survival for any 
infant ease of lymphosarcoma or for 
any ease with mediastinal involve- 
ment at any age.'~® *%-"° 


CASE REPORT 


The patient (R. T.), a Puerto Rican 
female, is now 1314 years old. Her 
illness dates back to the age of 7 
months when, on July 25, 1939, she 
was brought to the pediatric clinic 
beeause of cough and fever of several 
weeks’ duration. A chest plate re- 
vealed a large intrathoracic mass in 
the mediastinum and the parents were 
advised to have the child admitted to 
the hospital for biopsy and therapy. 
However, they did not return until 
seven months later when the child 
was admitted on Feb. 29, 1940. Her 
symptoms at this time were similar 
to those when first seen. 

The baby had been a normal full- 
term delivery and there had been no 
previous illnesses. The family history 
was nonecontributory. 

Examination on admission revealed 
a well-developed, well-nourished in- 
fant in no distress. Positive physical 
findings were limited to hypertrophied 
tonsils and one small node palpable 
in the left axilla. There was no other 
significant adenopathy and the spleen 
and liver were not felt. Blood stud- 
ies revealed a hemoglobin of 65 per 
cent, red blood cells 4.95 million, and 
vhite blood cells 12,900 with 80 per 
cent polymorphonuclear leukocytes 
and 20 per cent lymphocytes. 


From the Brooklyn Cancer Institute. 





A chest plate (Fig. 1) showed the 
mediastinal mass still present. A Sil- 
verman needle biopsy of the lesion 
(Figs. 2 and 3) was reported as fol- 
lows: ‘‘The section consists of atypi- 
eal cells. They are discrete, round 
or polygonal in outline, with a scant, 
pink cytoplasm, and round, ovoid or 
irregular, usually hyperchromatic, nu- 


clei. The nuclei vary moderately in 
size. There is invasion of bits of 
fibrous tissue. The cells show no 





1.—Chest 


x-ray showing mediastinal 
mass, 


Fig. 


tendency to arrangement in rows or 
glands. Diagnosis: large cell lym- 
phosareoma.’’ 

Between March 18 and April 17, 
1940, a total dose of 1360 r. units of 
x-ray was applied to the mediastinum, 
half anteriorly and half posteriorly. 
On the patient’s next visit to the hos- 
pital in June, 1940, the mediastinal 
lesion was almost gone and a plate 
taken in November, 1940 (Fig. 4), 
showed no evidence of the mass. 

During the next twelve years the 
patient was brought to the hematology 
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Fig. 2 Biopsy of mediastinal lesion. (118.) Fig. 3.—Biopsy of mediastinal lesion. ( 500.) 





Fig. 4 Chest plate five months after x- Fig. 5 Normal chest plate twelve years 
ray therapy The mediastinal mass has dis- after x-ray therapy. 
appeared 
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elinie at six- to twelve-month inter- 
vals for examinations, blood counts 
and ehest x-ravs. All have been com- 
pletely normal. In 1942 a tonsillee- 
tomy and adenoidectomy were per- 
formed and pathological studies re- 
vealed no evidence of lymphosarcoma. 
The most recent clinie visit was on 
Jan. 15, 1952, at which time the hemo- 


globin was 91 per cent, red blood 
cells 4.99 million, and white blood 
count 7,900 with 62 per cent polymor- 


phonuclear leukocytes, 4 per cent 
monoeytes, and 34 per cent lympho- 
eytes. A chest plate (Fig. 5) taken 
that day was entirely normal. 


DISCUSSION 


Lymphosareoma is a malignant neo- 
plasm stemming from _ reticuloendo- 
thelial and lymphoeytie cells. There 
are three cytological subdivisions, 
namely, the large cell or reticulum 
cell variety, the small cell or lympho- 
eytie type, and the giant follicular 
lymphosarcoma. There are differ- 
ences of opinion as to whether the re- 
ticulum or lymphoecytie type has the 
worst prognosis, but all studies re- 
veal the giant follicular variety as be- 
ing the least malignant. All varieties 
are markedly radiosensitive and there 
are frequent dramatic clinieal remis- 
sions following this type of therapy. 
Ilowever, the prognosis for life ex- 
pectaney is poor with the average du- 
ration from time of diagnosis to death 
being less than twenty-four months. 

There have been a number of ex- 
cellent studies of ultimate prognosis 
following all types of therapy. 
Stout,’? in a review of 170 cases (119 
of which were definitely known to 
have received treatment), found that 
only fifteen were witheut evidence of 
the disease at the end of five years, 
the same fifteen still being apparently 
eured at the end of ten years. Thir- 
teen others died of the disease after 
five or more years while one was dy- 
ing ten years afterward. Seven of 
the apparently cured patients had 
been treated with radiation alone, 
three with alone, and five 


surgery 
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with surgery plus radiation. Eight 
of the original cases had the primary 
site in the mediastinum and none of 
these lived five years. No patient 
under 30 years of age had a five-year 
survival. Stout stated that in his 
experience lymphosarcoma in child- 
hood was almost invariably fatal. 

Sugarbaker and Craver,’ in a series 
of 196 patients (all but two of whom 
were treated), reported fourteen alive 
and well after a five-year interval 
since therapy, while seven others 
were dying of the disease after five 
years. One hundred sixty-four of 
their patients had been treated with 
radiation alone, eight of these being 
among the apparently cured cases 
Thirty had been treated either with 
surgery alone or surgery plus radia- 
tion and of these six were apparently 
cured. Their patients ranged in age 
from 4 to 88 years with a rather uni- 
form distribution by deeades. The 
average life expectancy under the 
age of 30 was 11.3 months and only 
half that for those over 30. Only 
one of their patients under the age of 
30 was still alive five years later. 

Diamond'’ states that treatment 
for lymphosarcoma in childhood is 
unsatisfactory and poor, a _ fatal 
termination within a period of a 
few weeks to a few months being in- 
variable. 

Andrus and Heuer" find that lym- 
phosareoma is the commonest type 
of mediastinal tumor in all large se- 
ries in which careful pathological 
studies are made. They state that 
therapy is palliative at best, although 
temporary remissions may be brought 
about by _ intensive radiotherapy. 
However, they continue, the disease is 
uniformly fatal and pursues a rapid 
course, the average duration of life 
after the onset of symptoms being 
under one year. 


SUMMARY 


1. A ease of primary lymphosar- 
coma of the mediastinum occurring in 
a 7-month-old infant is reported. 
Rapid disappearance of the neoplasm 
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followed 1,360 r. units of x-ray ther- 
apy and the child has been asympto- 
matie and apparently eured for the 
past twelve years. 

is not a hopeless one. Apparent cures 
do occur following prompt and ade- 
quate therapy. 


2. The diagnosis of lymphosarcoma 
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PINK DISEASE (INFANTILE ACRODYNIA) 


A PHYSIOLOGICAL APPROACH. 


(AN EVALUATION OF ADRENAL FUNCTION 


AND THE 


IMPORTANCE OF WATER AND ELECTROLYTE METABOLISM ) 


DonaLp B. Cuerx, M.B., B.S.* 
ADELAIDE, AUSTRALIA 


INTRODUCTION, HISTORICAL, AND 


SYMPTOMATOLOGY 
HERE are few diseases in pedi- 
atries which present such a com- 
plexity of symptoms, and few other 
conditions reveal such a picture of 
prolonged stress and misery. Doubt- 
less there are few other circumstances 
where the pediatrician feels more 
embarrassed at his own therapeutic 
inactivity and more uncertain of his 
ability to retain the confidence and 
cooperation of the parents. 
all countries of the 
impressed by some 
particular aspect of the bizarre pat- 
tern of this symptomatology. They 
have respectively placed emphasis on 
different They have en- 
deavored to support a virus etiology, 
either neurotrophic or respiratory, to 
a vitamin deficiency, to in- 
criminate a toxin or poison, or to fall 
back on allergies, to single out some 
particular region of the central nerv- 
ous system or of the autonomic nerv- 
ous system, or indeed, as recently, to 
suggest psychosomatic origins.’ But 
surely, if nothing else, this modern 
age has taught us to examine disease 
processes in terms of altered physi- 
ological conditions, and to fortify our 


Clinicians from 
world have been 


aspects. 


prove 
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Hospital for Sick Chil- 
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- 


and our 
of bio- 
purpose 


knowledge of symtomatology 
clinical approach by means 
chemical assay. It is not the 
of this manuscript to consider in any 
detail the possible etiological causes, 
the literature concerning which is 
voluminous, and has been reviewed 
elsewhere,” but to direct attention to 
alterations in physiology and to ‘he 
departure from homeostasis, which 
has previously been my particular in- 
terest.2"* It will be obvious that such 
knowledge in respect to this disease 
is not complete nor entirely free from 
speculation, but it is hoped that en- 
quiry will be stimulated on the part 
of others to pursue further this work 
and this approach, which has hitherto 
been neglected. 

that the first 
disease 


It was unfortunate 
clinical description of this 
given by Selter of Germany in 1903 
aroused such little interest.° He 
presented eight female children about 
2 years of age suffering from a con- 
dition he termed “trophodermato- 
neurosis.” Following Selter, silence 
reigned until the year 1914 when the 
Australian physician, Swift,?® gave an 
accurate description of the condition 
in its infantile manifestation. Prior 
to Swift’s paper, the condition had 
not entirely escaped attention in 
Australia, as Charles Clubb of Sydney 
had already coined the name “pink 
disease,” while William Snowball of 
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Melbourne talked of the syndrome 
“raw beef hands and feet” as far back 
as 1883. As a result of this stimulus, 
Wood," in conjunetion with Hobhill- 
Cole, presented a study of ninety-one 
eases at the first Australasian Medical 


Congress following the First World 
War in 1920. 

This disease was independently 
deseribed by Bilderback of the United 
States in 1920 at Seattle, Wash. His 
excellent deseription clearly defined 
the manifestation in children as well 
as in infants. In the same year, 
Weston of Columbia contributed the 


name ‘‘acrodynia,’’'* and soon reports 
and observations became numerous. 
In the following year an important 


paper was published by Brown, Court- 
MacLachlan of Toronto, 
England, Weber" 


attention to this disease, and it 


ney, and 


Canada,'* while, in 
drew 
was deseribed in France by Comby,'® 
and for the second time in Germany 
by Feer’® in 1922. 


It is known that the sexes are 
equally affected. The question of 
seasonal incidence has through the 


been a matter of some argu- 


But it 
Ameriea,"* in Australia,’ 


years 


ment. has been shown in 


* and in Eng- 
land’® that the seasons play no part. 
However, geographical location defi- 
nitely does influence the incidence of 
this disease. Pink disease is not un- 
common in Australia—any large hos- 
pital there will have at least one or 
two eases, either as outdoor or indoor 
patients, attending. In the state of 
South 
approximating a half million inhabit- 
ants, there least 80 to 100 
patients each year suffering from this 
condition ; the 
Connecticut in the United States, with 
a much larger population, it is rare 


Australia, with a population 
are at 


whereas in state of 


for one case to present in a year. It 
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has been my impression from my 
own study of this disease (and from 
interrogation) that it is much more 
common in Australia than in America, 
Per- 


haps more interesting still is the re- 


England, Canada, or Europe. 


gional distribution of this disease 


within countries themselves, which 
has been so clearly shown. 

From information gained through 
hospital records® and through a per- 
sonal study of cases, it has been found 
repeatedly that 80 to 90 per cent of 
Australia 
months and 2 
data it 
same holds 
land.’® It is of some interest that the 
curve of the age incidence follows so 
closely that of infantile allergie phe- 
nomena.* 7 Eosinophilia, if looked 
for in pink disease with appropriate 
will sometimes be found.‘ 
In any large series of cases one finds 


eases in occur between 6 


years of age. From 


other is apparent that the 


for Canada®® and Eng- 


methods, 


occasionally the occurrence of more 
than one case in the same family of 
siblings; and it has also been the ex- 
perience of the author, and of other 
workers, to find reeurrences of this 


disease.” 


SOME OBSERVATIONS RELATING TO 
SYMPTOMATOLOGY 


The complexity of symptoms and 
signs and the bizarre nature of these 
impress all pediatricians and physi- 
cians who met, and do meet, 
eases of this fascinating disease. It 
is not intended that a _ detailed 
description be given of these well- 
known phenomena, but rather to 
briefly point out some relevant aspects 
which have been obtained by experi- 


have 


ence with over 100 cases. 
The Infantile Form.—The pedia 
trician or physician is consulted be- 
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cause of a sudden change of well- 
being on the part of the infant. There 
may be a history of a cold, or of re- 
cent infection associated with rhinitis. 
Irritability is present and the little 
6 months 
or older, his food. 
Teething is in and the 
mother often ascribes the state of her 
Indeed it is often not 


patient, usually aged 5 or 
take 


progress, 


refuses to 


infant to this. 
until weight loss becomes remarkable, 
which is early, that the family doctor 
becomes suspicious of a more perni- 
cious condition. The pediatrician is 
sometimes confronted with the child 
who him 
the ophthalmologist, the mother hav- 


has been referred to from 
ing consulted an eye specialist in the 
belief that. photophobia is the main 
cause of the condition. 

this juncture re- 
sweating 


Examination at 
that has become 
noticeable, and that the hands and 
feet of the infant show a slight pink- 
ness, and perhaps an unusual cold and 
feeling. The infant markedly 
resents examination and tends to 
burrow his head into the pillow away 
from the light. The skin temperature 


veals 


moist 


is usually normal, but may be de- 
pressed or elevated one degree. The 


mother complains that the child cries 
most of the night, that he has become 
constipated, or (and this is less com- 
mon) that one or two relaxed bowel 
the 
tachy- 


passed. If 
itself, 
hypertension 


actions have been 
opportunity 
cardia and 


clearly defined in all eases. 


presents 
‘an be 


Following this insidious onset the 
classical picture develops. Anorexia 
marked, 
and the hypertrophy of the sweat 
glands which is seen microscopically 
is emphasized by miliarial or sudam- 
nal rashes which spread across the 
trunk of the body. As the disease 


becomes sweating profuse, 
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progresses hypertension becomes 
easily detectable. The 
soft to the feel, and the hands and 


muscles are 


feet previously pink some of the 
time become pink, swollen, edematous, 
cold, and moist most of the time. 


That they are causing the infant dis- 
tress is made obvious by the fact that 
one may observe the little patient 
rubbing them together. Any previous 
confusion of symptoms with 
dispelled. The 
mother is generally very distressed ; 


these 
“measles” is now 
she is tired and exhausted from sleep- 
less nights and from frequent fruit- 
less efforts to force feed her infant. 
The resentment of the infant toward 
the her a matter for 
further concern. The prescribed 


mother is to 
sedatives of common usage in their 
usual dosages fail to produce their 
expected effect. The household is in 
a state of some disruption, and al- 
though textbooks warn against the 
dangers of secondary infection, the 
pediatrician often than 
admits the child to a hospital or to a 
nursing home to relieve the harassed 
parents for at least some of the time. 


more not 


Respiratory infection is the chief 
danger. The weight chart reaches 


a steady low level with the passing of 
the weeks. With the shedding of the 


skin from the hands, which starts 
between the fingers, the tender “raw 
beef hands and feet” become mani- 
fest. The layers of skin become more 
delicate with each successive shed- 
ding. During periods of atmospheric 
heat, which are badly tolerated by 
these children, erying gives way to 


listlessness, apathy, and exhaustion. 
The hot, dry climate of Australia is 
singularly deleterious. There is 
always the potential danger of shock, 
collapse, and death. During periods 
of atmospheric cold the hands fre- 
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quently become cyanosed. This pic- 
ture of 


usually continues for several months, 


extreme misery and _ stress 


even up to 18 months, or longer. How- 
ever, a minority of cases may be mild, 
ill- 
Diarrhea presents in a smaller 


with only two or three months’ 
ness. 
number of eases, and in my opinion 
is not usually of infective origin. The 
prognostic significance of this is 
grave. 

As insidiously as they came, so the 
symptoms gradually disappear; the 
irritability subsides, sleep improves, 
feeding is no longer foreed, and the 
first smile appears on the little face. 
This is complete in 
However, 


Recovery begins. 
the vast majority of cases. 
in my experience a state of “athrep- 
“failure to thrive” 


” 


sia” or may con- 
tinue in some infants for several 
months—long after the extremities 
and eutaneous signs have dis- 
appeared.® In other cases the con- 
dition persists in a milder form 
throughout several years of child- 
hood. Bronchiectasis in preadoles- 


cence is sometimes a sequel of pink 


disease. Indeed, in Australia pink 


disease is a common cause of bron- 
chiectasis. 

The Older Child—The manifesta- 
tion in older children is not so fre- 


quently encountered, and the diag- 
nosis is often more difficult to make 
the picture of the 
extremities is exhibited. This is rare 
and I* have encountered it in only 
one child years The 
thicker layer of skin of older chil- 
dren does not so readily reveal pink- 
ness of the hands, but coldness and 
moistness are in evidence, and peeling 
of the skin generally occurs. 

In contrast to the infant, the symp- 
fatigue, and in- 


unless classical 


51, of age. 


lassitude, 


toms of 
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A fractious 
even violent nature of a child pre- 


ertia predominate. or 
viously of a normal happy disposition 
is characteristic. The sick child stops 
walking and may only want to “ 
all day,” becomes asocial, and talks 
infrequently. 
turnal wakefulness are experienced. 
Sweating, though abnormally in- 
creased, is not so much in evidence 
objectively. Food and fluid demand 
is minimal, and constipation is nearly 
always present. Marked photophobia 
does not so often present in such an 
obvious way, but is rather shown by 
a resentment to bright light, or by the 
child’s insistence to undress in the 
dark. The diagnosis is not generally 
made until this picture has _ been 
present for some months, and until a 
failure to gain weight is of several 
months’ duration. Hypertension and 
hypotonia are detectable. 

The course of the illness is ex- 
tended over many months, usually 
more than a year, and it is of interest 
that allergic phenomena seem to be 
closely Six out of eleven 
patients of this category previously 
reported® showed either “wheezes in 
the chest” or recurrent bronchitis or 
actual skin rashes, and a 
significant eosinophilia was demon 
strated in ten out of eleven cases. On 
the other hand, Holzel and James,” 
by investigating a large series 
cases, found no evidence that allergic 
disorders in pink disease are mort 
common than in the normal child 
population. 


sit 


Long periods of noe- 


associated. 


asthma, 


ol 


CONCERNING THE ETIOLOGY 
The Role of Mercury.—One of th 
brighest and most hopeful etiologica! 
facts in the history of the disease has 
been the discovery of an increased 
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amount of mereury in the urine of 
these children with pink disease, find- 
ings which have been provided by the 
work of Warkany and Ilubbard of Cin- 
cinnati*® *4 and other workers.*® 75-7? 
In their most recent paper, Warkany 
and Hubbard show significant amounts 
of mereury in the urine of thirty- 
eight out of forty-one cases. These 
workers have gone far to establish 
an “idiosynerasy” to mereury, as an 
important factor in our present 
understanding of the causation of 
pink However, as to why 
such an idiosynerasy should oceur, or 
factors are related to it, are 
The fact that some chil- 
given after the 
true onset of the disease in the belief 
that “teething troubles” being 
treated causes some confusion and a 
difficulty in interpreting the signifi- 
cance of the urinary mercury estima- 
tion. Normal children of the same 
age group who have ingested non- 


disease. 


what 
unknown. 
dren 


are mercury 


are 


toxic forms of mercury can excrete 
amounts without 
this disease. This emphasizes that the 
crux of the matter rests with elucida- 
tion of the “idiosynerasy.” This is 
also emphasized failure of 
Dimereaprol (BAL) to produce con- 
sistently effective results.** *° 
Investigations performed at Great 
Ormand Street, London, have led to 
the conelusion®*: “In view of the con- 
flicting evidence, the theory that in- 
gestion of mereury is the of 
pink disease should the 
Scottish verdict of ‘not proven. 
Warkany* has found this metal to 
’ present in 92.7 per cent of his 
investigated, Fanconi and 
Botsztejn® in nineteen out of twenty 
and Holzel and James* in 
sixty-one out of ninety-four. War- 


equal manifesting 


by the 


cause 


be given 


’ >»? 


‘ases 


cases, 
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kany noted that occasionally in the 
same patient the excretion of mer- 
cury varied greatly from one sample 
of urine to another, and sometimes 
the urine specimen was free of mer- 
eury, or contained very small amounts. 
It has not been possible to find a 
correlation between the amounts ex- 
creted and the severity of the disease. 
However, there is little doubt that 
patients with pink disease excrete 


more mercury than normal control 
children. 
Normal children can absorb and 


excrete small amounts of mercury 
without showing any signs of un- 
toward symptoms; hence, Warkany 
suggests that an individual suscepti- 
bility (“idiosynerasy”) to mereury 
intoxication exists in the children 
who develop pink disease: “Just as 
persons react with asthma or 
hay fever to environmental conditions 
well tolerated by others.” 

In other words, it is suggested that 
we are dealing with a syndrome akin 
to drug sensitivity or to an allergic 
phenomenon. Since the recurrence 
of this disease is the exception and 
not the rule, it must be further postu- 
lated that we are not dealing with a 
permanent idiosynerasy. 

The observation that the interval 


some 


between the administration of mer- 
eury and the onset of the disease 
varies from one week to _ several 


months also requires elucidation. 
This was noted in the cases of War- 
kany and those reported by Fanconi 
and Botsztejn.° 

I suggest that as mereury essentially 
leads to denaturation of cellular pro- 
tein and destruction of cells, adequate 
attention should be given to the 
possibility of sensitization to cellular 


protein liberated by mercury _in- 
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gestion; that is, a state of auto- 
sensitization should be considered 
just as recent research work on 


nephritis leads us to believe that the 
nephrotic syndrome is maintained by 
autosensitization to proteins arising 
the 
glomerulus 


from disintegration of basement 
membrane of the 


ceedings of the Society for the Study 


(Pro- 


of Nephrosis, New York, December, 
1951). 

Warkany, possibly through a lack 
of clinical material, has been unable 
to demonstrate any association of 
allergic phenomena with pink disease. 
He 
of the symptomatology with that of 
He fails to point 
out, however, that many phenomena 
mereury 
teeth, 
the mucous membranes, 


gives an impressive comparison 


mereury poisoning. 


which are characteristic of 


poisoning, such as loss of 
gangrene of 
necrosis of jaw bones, and tremor, are 
On the other 


hand, several features of pink disease, 


rare in pink disease. 


such, for example, as hypertension, 
are not recognized symptoms of mer- 
curial poisoning. 

It is sometimes dangerous to com- 
pare diseases of known etiology, such 
as mercury poisoning, with diseases of 
Although pink 


disease shows nearly all the features 


unknown origin. 


of mereury poisoning in its different 


phases, the same could be said of 
other agents. In _ particular, one 
might mention, for example, a dis- 


turbance of porphyrin metabolism. 
Indeed hypertension, tachyeardia, 
sweating, abdominal pain, muscle 
weakness, photosensitivity, psycho- 
cachexia, oli- 


par- 


logical change, edema, 


guria, peripheral neuritis with 


esthesia, albuminuria, and constipation 
fea- 


are all ineluded as concomitant 


Metallic poisoning itself is 


tures.~* 
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one of several factors that can give 
to 
metabolism.*” 

It is perhaps of interest that eur- 
sory attention to this fact showed a 
slightly raised coproporphyrin excre- 
tion in children studied with 
pink disease as compared with twelve 


rise disturbances in porphyrin 


four 


normal children. From observing 
numerous samples of plasma taken 
from these cases, it became apparent 
that a peculiar tint 


often allowed 


orange-brown 
was revealed, which 
one to distinguish it with the naked 
eye from samples taken from normal 
children. Spectrographie absorption 
tests revealed this to be due to an ex- 
cess of oxyhemoglobin in the plasma. 
Whether an intravaseular hemolysis 
due to toxic 


factors 


hemoconeentration or 
was not determined. 

Fanconi and Botsztejn® regard 
pink disease as a ‘‘neuro-allergic 
condition.” Landolt and Egli,*® also 
of Switzerland, found allergic 
per cent of 
patients who had had pink disease. 
Holzel found 
evidence, in of 


occurs, 


dis- 
orders in 32 former 
and James** 
their 
to 


However, 


no cases, an 
allergic 


These latter workers demonstrated 


response mercury. 

a mild response to Dimerecaprol in 

twelve out of fifteen infants, but a 
They 

around 


good response in only three. 
that in the district 
Manchester, where pink 
common, the administration of “teeth- 
ing powders” is less frequent than in 
the Warwick, where the 
disease is rare. Over 1,500 interroga- 
tions were made in each district. In 
the three that did 
respond to Dimerecaprol, the charac- 
teristic clinical picture of pink dis- 
These cases 


showed 
disease is 


county of 
quoted 


7ases 


was not manifest. 


exhibited a 


ease 


also rise in serum-cho- 
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lesterol. This was regarded as evi- 
denee that chronic ingestion of mer- 


eury produces changes in the serum- 


cholesterol, probably due to renal 
damage, simultaneously with symp- 
toms like those of pink disease. The 
finding of significantly low blood 
cholesterol levels has been my ex- 


perience.°® 

in the eti- 
indeed the 
evidence is strong, we can in no way 


If mereury is important 
ology of pink disease, and 


assume that this disease is due to 
clearly defined poisoning. The role 
of mereury is probably only one 


factor which disturbs the equilibrium 
hormonal sys- 
the 
natural defense mechanisms against 


of either enzymal or 
tems, and possibly penetrates 
allergic reactions. 

The Child and Pink Dis- 
ease.—The manifestation of pink dis- 
ease in older children was adequately 
defined by the French physician, 
Rocaz,** as the “forme nerveuse,” and 
by the German writers as a ‘‘form 
fruste.”** It has compara- 
tively little attention by the English- 
speaking world. 


Nervous 


received 


It is of interest that such children 
as these are disturbed emotionally; 
they are “nervous children” and in- 
deed, as pointed out previously,® they 
conform to the “nervous child syn- 
drome,” a somewhat nebulous condi- 
tion deseribed by Cameron in 1919.** 
Whether 


somatie changes can produce such or- 


or not stress and psycho- 
ganic changes is yet to be determined. 

It is of interest that Leys and Cam- 
eron' recently investigated the family 
setting and environment of six un- 
selected cases of pink disease. They 
coneluded that: “The of 
stress in the family situation of these 


evidence 
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and indeed 
in the families of 
many children attending the psychi- 
There distinet 
lack of maternal warmth in all eases, 


vases is striking more 


obvious than that 
atrie clinic.” was a 
and five out of six were obviously 
The 


emotional deprivation is thus empha- 


unwanted children. stress of 
sized as being important in the eti- 
ology of this disease. 

Bernheim and Confavrecia®™* have 
reported on the beneficial effects of 
electric shock therapy with induced 
convulsions as a means of control of 
the mental and emotional disturbances 
in these older children with pink 
disease. 

The Autonomic Nervous System.— 
Feer® was the first to emphasize that 
a possible overaction of the sympa- 
thetic nervous system existed in pink 
and many others have 
supported this view that the hyper- 
tension, tachycardia, sweating, and 
hyperglycemia provided 
evidence of such a disturbance. Stolz 
and Woringer,*® and also Albertini** 
claimed to have found hyperplasia of 
the chromaffin system. Blackfan and 
McKhann* noted that the pulse rates 
of patients with acrodynia differed 
from those of normal subjects in that 
they did not vary with erying or 


disease, 


oceasional 


during sleep. Day and associates* 
measured the electrical impulse of the 
heartbeat with a special recording 
device. They noticed the effect on 
the heart rate produced by changes 
in emotion and following the injection 
the drugs atropine, Adrenalin, 
ergotamine tartrate, and Mecholyl. 
These authors reached the conclusion 
that emotional disturbances failed to 
evoke certain normal responses from 
the vegetative nervous system in pink 


of 
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They thought that this 
the sympathetico-adrenal 


disease. 
failure of 
response to emotion could well arise 
from the fact that the sympathetic 
nervous with 


system in a_ patient 


acrodynia might already be over- 


stimulated to such an extent that it 
could no longer react to further stimu- 
lation. It was suggested that a pos- 
sible similarity existed between chil- 
dren with infantile acrodynia and 
subjects with pheochromocytoma, al- 


though an alternative view was also 


taken that the hypertension and 
tachyeardia possibly resulted from 
widespread vasoconstriction due to 


some obscure toxin. 

Glanzmann™ also sugested that the 
produced an 
secretion of adrenaline in 
He investigated this by 


adrenal medulla in- 
creased 
pink disease. 
noting the changes in the iris of an 
enucleated frog’s eye which had been 
placed in Ringer’s solution, to which 
had been added plasma samples from 
with pink 
plasma samples were found to have a 
effect, detectable 
even in a dilution of one in a million. 
No effect 


samples from normal children. Glanz- 


patients disease. These 


strong mydriatic 


was found with plasma 


mann suggested that a raised blood 
adrenaline level was responsible for 


these effects. 


The sympathetic branch of the 
autonomie nervous system has re- 
ceived the most comment. It has 
never been shown, however, how 


hypertension, tachycardia, and hyper- 
glycemia which are features of sympa- 
thetic nervous stimulation can be ree- 
oneiléd with salivation, rhinorrhea, 
muscle weakness, and sweating, which 


are all indicative of stimulation of the 


parasympathetic system. 
It is of interest that newer knowl- 
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edge concerning the behavior of cer- 
tain poisons (the organie phosphates) 
offers one possible mode of explana- 
The 


cholinesterase 


tion of the above phenomenon. 
destruction of serum 
“an lead to both strong parasympa- 
thetic stimulation as a result of the 


collection of acetylcholine (muscle 
paralysis, areflexia and hyperseere- 
the the 
adrenal medulla is stimulated with the 


The 


fibers of 


tion); and at same time 
cho 
the 


splanchnic nerves are stimulated by 


liberation of adrenaline. 


linergie, preganglionic 


acetylcholine. These fibers supply 


the 
tension, 


adrenal medulla. Hence hyper- 
tachyeardia, and hypergly- 
cemia can be concomitant features. 
Such a combination of effects is seen 
in poisoning with parathion (p-nitro- 
phenyl diethyl thiophosphate) or 
“nerve gas,” which is extremely lethal 
amounts.*° Thus attention 


is again directed to a agent. 


in small 
toxie 

It has been shown that there is no 
gross or remarkable rise in the blood 
adrenaline in pink disease.* Eighteen 
cases were investigated along with 
twenty-four normal children. 

The Adrenal Gland 
of hemoconcentration and plasma 


Investigation 


sodium and chloride levels (to be dis 
cussed presently) revealed a diminu- 
tion of these electrolytes. * On the 
basis of this loss of plasma sodium 
and chloride, I first thought that th 
condition of pink disease might be 
associated with a relative adrenal in 
sufficiency of the so-called “salt and 
water corticosteroids.” It was thought 
that such an insufficiency could pos 
sibly be occasioned by specific and 
nonspecific “stress-producing agents” 
(from emotional changes to mercury 


poisoning). The malady was thought 
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to be prolonged by the actual stress 
of the 
apparent clinically. 


disease itself, which is so 
borrow 
Selye,”’ 


a previ- 


Such a concept was to 
directly from the work of 
and indeed as pointed out in 
ous paper, almost all the biochemical 
changes and observable features of 
the “alarm reaction” are manifest by 
the condition of pink disease.® 

The age incidence of this disease 
falls predominantly in that period of 
development when the adrenal gland 
undergoes remarkable changes, the 
reasons for which are as yet still 
obseure, and have again recently been 
convincingly demonstrated by the 
work of Tahka.**? Conditions which 
are referable to a disturbance of the 
“salt and water hormone” of 
late received much attention in the 
pediatric literature and are reviewed 
elsewhere.’ My concept was strength- 
ened by the fact that the first sixteen 
patients treated by the oral adminis- 
tration of 6 to 8 Gm. of salt, with or 
without 2 to 4 mg. of desoxycorti- 
costerone acetate, gave very encour- 
aging results clinically. Some of these 
patients in a matter of days showed 
striking and even dramatic improve- 
Anorexia disappeared, sleep 


have 


ment. 
became undisturbed, and irritability 
gave place to a happy disposition. 
Older children lost their lassitude 
and beeame noticeably energetic. It 
seemed that an illness of many months 


had been reduced to a matter of 
weeks. Such striking improvement 


with this therapy has since been re- 
ported by some other clinicians.** ** 

As pointed out by Homer-Smith,* 
most of the physiological disturbances 
seen in adrenal insufficiency appear 
to be secondary to oligemia, since 
they ean be partly or wholely allevi- 
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ated by the administration of sodium 
chloride. It is natural that oligemia 
or chloride and sodium depletion, 
from any cause, produces a picture 
resembling adrenal insufficiency.*® 
Later therapeutic investigations 
undertaken, using salt and steroid in 


a series of seventy cases, revealed 
that some showed little or no im- 
provement: the photophobia, pink- 


ness of the hands, loss of weight and 
muscle weakness of the infant some- 
times seem to “be little, if at all 
mitigated.” This evidence supported 
by hormonal investigation led to the 
conclusion that changes in electrolyte 
and water equilibrium found their 
origin outside of the adrenal gland, 
and it was suggested that attention 
be given to the kidney tubule.® * 

In view of the close resemblance 
between most aspects of the sympto- 
matology of this disease and “adrenal 
stress” it was necessary to undertake 
hormonal determinations to further 
elucidate this aspect. 

Investigation of twelve cases using 
the technique of Venning and asso- 
ciates*? revealed normal glucocorti- 
eoid excretion in the urine. The 17- 
ketosteroid determination was found 
to be slightly but significantly raised, 
and the reaction of the circulating 
eosinophil cells to Adrenalin was 
found to be normal in response.’ The 
estimation of the blood adrenaline 
content using the technique of Shaw*® 
as modified Raab* has already 
been referred to. 


by 


The possible relationship between 
pink disease and Selye’s alarm re- 
action has been considered elsewhere.® 
My investigations led Selye to dis- 
cuss pink disease in his treatise 
on stress,®® and to inelude it as a dis- 
ease of adaptation. Bearing all the 
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available evidence in mind, it is diffi- 
cult to 
the 
more than secondary importance in 


believe that an alteration of 


vegetative adrenal system is of 


this disease. That this mechanism is 
involved to some extent seems almost 
The 17-keto- 
steroid excretion is significant. The 
elevation 


mandatory. rise in 


failure to demonstrate an 


in urinary glucocorticoid levels is not 


disturbing. The work of Nichols and 


Miller®' has shown that in some econ- 
ditions of sweating the loss of gluco- 
corticoid through the sweat may be 


significantly high, even though urinary 
excretion is normal. The conclusions 
of 


therefore 


Bornstein and Trewhella®? seem 


somewhat premature.  In- 
deed, as pointed out by Sayers,** until 
we know more concerning tissue uti- 
lization of adrenal hormone from 
blood assay, the value of glucocorti- 
coid excretion will remain of limited 
The presence of an electrolyte 
itself definite 


load on the adrenal gland, and herein 


value. 


disturbanee throws a 


probably lies one mode of involve- 


ment of adrenocortical funetion—nor 
the obvious stress 


itself 


ean we disregard 
of the 


apparent clinically. 


condition which is so 


PHYSIOLOGICAL CONSIDERATIONS 


Metabolism.—It 
not been my experience to find high 


Carbohydrate has 


glucose tolerance curves as deseribed 
Nor 
the blood sugar levels, fasting or non- 


by other workers.*® ** °* have 


fasting, been above normal limits. 
Published 
absorption curves have shown, 
flattened 


alterations in the behavior of 


and unpublished glucose 
in some 
Such 


glucose 


cases, a contour.’ 


absorption could find explanation in 
the 


These 


MacKay.” 
altera- 


Clark and 
demonstrated 


work of 
workers 
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tions in 
the presence of electrolyte disturb- 


sarbohydrate metabolism in 


ances and reductions of blood volume. 

The Peripheral Vascular System.— 
The extremities are painful with sub- 
jective paresthesia, and show coldness, 
edema, erythema, and sweating with 
eyanosis during cold atmospheric 
temperatures. The circulation through 
the extremities is retarded. Shedding 
of the skin occurs and sometimes, but 
infrequently, ulceration leads on to 
gangrene. Skin color is dependent on 
‘apillary filling, and examination of 
the nail bed by direct microscopy has 
revealed a capillary bed which is open 
and apparently engorged with red 
blood corpuscles. 

That the permeability of the capil- 
lary walls is altered is evidenced by 
the edema present in the hands and 
feet. Indeed, this phenomenon was 
clearly shown in the face and sealp 
of one infant observed.* 

The systolic and diastolie pressure 
is raised. There is tachyeardia and a 
slow circulation through the ex- 
tremities, so that it is reasonable to 
presume that there is a widespread 
arteriolar spasm in this condition. 

The extremities manifest the “sus- 
ceptible state of Lewis,” as pointed 
out previously. This state is known 
to be related to the effects of hista- 
mine and anoxia. It is of interest 
that resistance to histamine is lowered 
by an upset of the electrolyte balance, 
analogous to those induced by ex- 


cision of the adrenal glands.*® 
Such resistance is restored by the 


administration of desoxycorticosterone 
acetate.** 

The Importance of Water and Ele: 
trolyte Metabolism in Pink Disease. 
Braithwaite*® an 


of Leicester, in en- 
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deavor to evaluate the relationship of 
this disease to light and vitamin D, 
was led to determine blood calcium, 
and 


He found that some of his eases re- 


phosphorus, hemoglobin _ levels. 
vealed slightly elevated calcium levels, 
and that the hemoglobin was consist- 
The 


he interpreted in terms of water loss 


ently raised. latter observation 
due to sweating. 

Beeause preliminary investigations? 
into the blood picture of ten patients 
with pink disease (aged 6 months to 
2 years) revealed a mean erythrocyte 
count of 5,400,000 cells, and a mean 
white cell count of 13,500 cells, eare- 
ful hemoglobin, and 
plasma protein estimations were un- 


hematocrit, 


dertaken in a further series of twenty- 
That 
tion is consistent, significant, and an 
appreciable finding is evidenced by the 
values obtained. 


three ecases.* hemoconeentra- 


Twenty-three 
Mean hematocrit 
Mean hemoglobin 
Mean plasma protein 


Cases 
45% 
14.6 Gm. % 
7.3 Gm. % 


These values exceed those for nor- 


mal children of the same age. Some 
individual cases may show hematocrit 
readings as high as 55 per cent, a he- 
moglobin of 17 grams per cent, and a 
plasma protein above 8 grams per cent 
(venous blood). 

It is little wonder, then, that earlier 
Van 


Roeaz*? 


clinicians such as Bogaert,” 


and mentioned 
polyeythemia of 6 to 9 million cells; 
but perhaps it is a little surprising 
that a persistently raised white cell 


sruchner,™ 


count was interpreted in terms of leu- 
koeytosis, and causative infection. The 
absence of a febrile state, of neurolog- 
ical sequelae, the noncontagious na- 
ture, and the sharply demareated age 


grouping might have aroused suspi- 
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Attention to the differential 


white count reveals no significant shift 


cion. 


in Arneth count,? and modern meth- 
ods have been significantly unsuccess- 
ful the deteetion of infective 
agents.®? The evidence, in the absence 


in 


of starvation, for consistent, definite, 
and econvineing neuropathological 


changes at autopsy, is lacking.® 
Cerebral congestion and edema are 


present.®° Examination of pathological 
material has also led me to the same 
conclusions. Thorough microscopical 
investigation of the spinal cord and 
nerves revealed no significant changes 
in two cases.* 

Anemia and hypoproteinemia are 
the 
A rise of the reticulocyte 
latent 


hemoconcen- 


expected along with associated 


anorexia. 
may alone reveal this 
The estimated 


tration takes no account of anemia, so, 


count 
anemia. 


if anything, such simple methods un- 
derestimate, to some extent, the loss of 
water from the blood volume. More 
detailed under- 
taken,” may show an appreciable defi- 


methods, as yet not 
eit of extracellular space; and it may 
not be so surprising that shock collapse 
and death sometimes supervene.* 
Although particular 
and children are dehydrated, we do not 
find thirst 
nor is thirst by 
surate with the 


these infants 


as a prominent symptom; 
any means commen- 
amount of fluid lost 
through the kidney in the earlier 
through the skin the 
condition. This observa- 


by 


stages, or in 


established 
tion is also emphasized Craig.” 
Anorexia, muscle pains, loss of weight, 
weakness and oliguria are prominent 
symptoms of the usual clinical picture. 
In older children, the region around 
the eyes is often sunken with darkened 


shadows. Collapse and shock are a 
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potentiality. These are all features of 
hypotonie dehydration. 
In the early stages of this condition, 


diuresis is characteristic,** while in the 


established case, oliguria is the usual 


finding. Roeaz** made the remark, 


‘*The urine is usually seanty, dark in 


eolor, of high specifie gravity and 
charged with urea and salts.’’ It has 
been my experience, and that of 


~ 


» 8° to find albumin in the urine 
Indeed, in one 
case observed, hematuria, albuminuria, 


others, 


on several occasions. 


and easts were found in the absence of 
infeetion, and apparent from the cut- 
set of the disease. 

In 
ported 


the series of older children 
pink 


over a period of several months, 48- 


re- 


suffering from disease 


hour urine collections were carried 


out. Taking six patients of about the 
same age (214 to 3 years), or Cases 2 
to 6, of this 
series, it is seen that the mean urinary 


inclusive, and Case 8 
twenty-four-hour volume is 270 e¢.e. or 
21 ¢.c. per kilogram per day (mean 
weight equals 13 kilograms). It was 
known that the fluid intake was close 
to two pints (or approximately 1,000 
e.c. per day). This figure is close to 
the requirement necessary for life it- 
self under normal circumstances, and 
was barely supplemented by the food 
intake, whieh was very diminished. 
The loss through the urine 
alone represents 2.4 meq. per kilogram 
per day, or 31 meq. per child per day. 
It is that 
cumstances the loss of chloride 


chloride 


known under normal eir- 
from 
the body as a whole is covered by an 
intake of only 1.5 to 2 meq. per kilo- 
Doubtless additional 


loss of chloride through the sweat over 


gram per day.* 


a prolonged period leads as well, in 
these children under diseussion, to a 
deficit of total body chloride. 
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Although direct investigation of the 
sweat was not undertaken, it is clear 
from the above that some 70 per cent 
or more of fluid intake of these chil- 
dren being lost ‘*insensible 
water loss.’’ (Actually, it should un- 
der normal conditions account for no 
more than about 40 per cent.)* We 
know that alteration of acid-base bal- 
anee does not appear to modify the 
composition of the sweat, which is in 
contrast to the urinary pattern. Evi- 
dence is suggestive that alteration of 
cell tonicity appears to effect the rate 
of secretion of sweat, but not its com- 
position.*® * In the presence of 
hypotonicity of the extracellular fluid 
the rate of secretion of sweat is in- 
creased.” ** After the administration 
of salt there is a diminution of sweat- 
ing, and the loss of sodium, potassium, 
and chloride is reduced.** The secre- 
tion of sweat is important in the proc- 
ess of heat exchange, but apparently 
it does not play a major role in main- 
taining homeostasis. It seems that in 
adrenal insufficiency the loss of so- 
dium and through the 
sweat is slightly inereased.** These 
electrolytes are decreased in the sweat 
content in salt depletion.» ** This 
latter phenomenon, however, depends 
on the prior development of a negative 
salt balance, rather than on adaptation 
to prevent its onset.” 

There is little or no information in 
the pediatric literature pertaining to 
the physiological process of sweating 
in children, except for the important 
work done by Cooke, Pratt, and Dar- 
For losses of insensible wate! 


was as 


1, 72, 73 


of chloride 


row.”’ 
of the order which has been referred 
to, these workers showed a loss of 11.3 
and 8.8 meq. of chloride per liter ot 
sweat in 14- and 16-month-old infants. 


*Darrow, D. C., and Cooke, R. E.: Per- 


sonal communication. 

















The concentration of electrolytes in 
the sweat increases as age progresses. 
It is much higher in adults (1 to 2 
meq. of chloride is lost per kilogram 
of body weight per day). At tempera- 
tures lower than 84° F., one-fourth of 
the ealorie production is dissipated by 
evaporation of water. When the 
temperature rises above 84° F., sweat- 
ing oceurs. Above 93° F., all heat loss 
is by sweating.* The occurrence of 
noticeable sweating during the Austra- 
lian summer is therefore not surpris- 
In winter, sweating must lead to 
a drop in body temperature or to a rise 
in metabolism. 

Enough has been said to indicate 
that the fluid loss through the sweat 
in pink disease is considerable, and 
the electrolyte losses require study. 
In Australia the importance of a hot 
and dry climate cannot be neglected, 
during the course of pink disease, for 
sweating is more profuse and pro- 
longed than in any other pediatric 
condition. 

Investigation of the plasma electro- 
lytes in the series of twenty-three eases 
previously referred to* ° exhibited low 
plasma sodium and chloride levels. 
The mean value for the plasma sodium 
level (124 meq. per liter) shows a defi- 
cit of 9 meq. per liter below the lower 
limit of normal (133 meq. per liter). 
It was unfortunate that the method 
used had not previously been adapted 
to plasma sodium estimations. (This 
method involved ashing of the plasma 
and determination by emission spec- 
trophotometry. The measurement of 
the intensity of the sodium band on a 
hotographie plate was carried out 
vith the aid of a photoelectric galva- 
nometer.) Later work by Williams and 
is co-workers’ in Melbourne, while 


ing. 





*Darrow, D. C.: Personal communication. 
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demonstrating a significant deficit of 
serum chloride in twenty-two cases, 
and also hemoconcentration, revealed 
low serum sodium levels in only two 
eases. Their sodium method employed 
was by gravimetric analysis, using 0.2 
e.c. of serum. It has been the expe- 
rience of other workers to find a small 
percentage of lowered serum sodium 
values in this disease*®; but the major- 
ity of values are normal.** 

The rise in hematocrit, hemoglobin 
and plasma protein with normal 
plasma sodium concentration, or with 
low concentration, indicates a low 
plasma volume, and a loss of plasma 
chloride and sodium. 

As a whole, the loss of sodium and 
chloride in the extracellular fluid in 
many examples is the same order of 
magnitude as the loss of plasma vol- 
ume. However, adequate data are-not 
available to establish the magnitude of 
the deficit of sodium and chloride in 
the body as a whole in pink disease. 
But there is evidence that chloride de- 
ficiency may be considerable in some 
eases. This has also been suggested by 
therapeutic studies of the use of so- 
dium chloride with and without des- 
oxycorticosterone acetate.* ° 

Southby of Melbourne* states that 
‘*in babies very sick with pink disease 
there has been a complete absence of 


hydrochloric acid from the gastric 
juice.’’ He interprets this as evidence 


to support the concept that achlor- 
hydria offers easy passage to a hypo- 
thetical virus, which possibly causes 
pink disease. It has been my own ob- 
servation that cases of pink disease 
subjected to gastric lavage are liable to 
collapse and die a few hours later. In 
the presence of the alarming complica- 
tion of diarrhea, hypotonic solutions 
of chloride and sodium demonstrate a 
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rapidly deleterious effect on the infant 
with pink disease. Proper attention 
to electrolyte therapy may be of great 
value.‘ 

The Possible Interpretation of Ionic 
Changes.—With salt and steroid treat- 


ment any small series of cases may 


show little alteration in the course of 
but the spectacular im- 
this 


this disease,° 
provement of some patients in 
series made it impossible to disregard 
these results as being purely fortui- 
tous. In retrospect it would seem that 
any beneficial effect of sodium chloride 
and/or of desoxycorticosterone to some 
cases, may rest in the fact that some of 
the symptoms of pink disease are ref- 
erable to a chloride deficiency and to 


With 
and 


hypotonie dehydration. expan- 


sion of blood volume return of 
chloride to the body, ¢linieal improve- 
Ilowever, this 
Be- 
out, 


the value of this therapy is still open 


ment is often manifest. 
is not always so (vide below). 
cause controls were not carried 
to question. 

Alteration of the electrolyte pattern 
and the above-observed phenomena are 
further clarified by the data of Wil- 
liams and his co-workers.” Their data 
show strikingly high serum bicarbon- 
Nineteen 
two cases were investigated using cap- 


blood. 


values 


ate values. out of twenty- 

So 
(40 
that 


significant 


high are many of 


90 


illary 


their meq. or volumes 
values are 
the 


30 meq. per 


per cent individual 


even more than pres- 


ence of a mean value of 


liter. Actually, these workers appar- 
ently caleulated on the basis of twenty- 


two eases instead of nineteen, and they 


obtained a normal mean value. They 
surprisingly overlooked the signifi- 
eance of their own data. This was 


pointed out recently.* 
Neither 
prominent 


nor diarrhea are 


to 


vomiting 


symptoms aceount for 
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this alkalosis. 
sweating 


Nor is it likely that 
could produce it. 
There are many who have championed 


per se 
the thesis that pink disease is due to a 
disturbance of the central nervous sys 
the 


of 


tem and/or of 


We 


‘*cerebral salt wasting, 


hypothalamus. 
the 


9°29 


2, 83 and other 


are aware condition of 


85, 86, 87, 88 


salt-wasting conditions.>* 
More recently it has been shown that 
tubereulous meningitis ean give rise 
to alterations of the plasma electro 
lytes, not unlike that which is present 
in the disease under discussion.** 

In the cases reported by Rapaport 
and his associates? there was impair- 
ment of the ability of the kidney either 
to elear or to conserve chloride in a 
normal manner. The normal response 
of a disappearance of chloride from 
the urine during hypochloremia was 
absent. In these cases an elevation of 
plasma bicarbonate was significant, as 
well as the reduced levels of serum 
chloride and sodium. In one of the 
three cases a very low serum potassium 
level also and these 
authors, being aware of the work of 
‘*a decrease 


was apparent, 


Darrow,*” *° realized that 
of the intracellular potassium concen 
tration is an unavoidable correlate of 
the reduction of the concentration ot 
the extracellular ions.’’ 

The presence of significant amounts 
of chloride in the urine, in the pres 
ence of hypochloremia, has been noted 
® To quot 
but one case, we can consider that o! 
G. C., Th 
weight of this child was 10 kilograms 
The blood chloride was 425 mg. per 
eent (normal equals 450 to 500 mg 
per cent). Hematocrit equalled 4° 
per cent and plasma protein 8.1 gram: 
The twenty-four-hour urin 
and contained 2 
She therefore ex 


in eases of pink disease.* 


aged 2 years 8 months.* 


per cent. 
volume was 325 @.c., 
grams of chloride. 
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ereted 5.6 meq. of chloride per kilo- 
gram per day. This value is remark- 
ably high (as mentioned in other cases 
cited previously) and was at a time 
when fluid intake was minimal. 

The electrolyte disturbance in pink 
disease is most likely related to an 
alteration of the renal regulation of 
acid-base equilibrium augmented by 
electrolyte losses in the sweat. 

First one should consider that ano- 
rexia being marked, the intake of po- 
In animals 
low intake of potassium combined with 
high intake of sodium chloride ean pro- 
duee marked alkalosis, and this deficit 


tassium must be very low. 


of potassium leads to a loss of chlo- 


89, 90 


ride. Second, and this would seem 
even more relevant, de‘cit of chloride 
ean lead to a loss of cellular potas- 
defi- 


ciency is not necessarily characterized 


sium.** °° Cellular potassium 


by a fall in serum potassium. Some of 
the serum values in pink disease are 
low (3 meq. per liter).”® 

Darrow was able to demonstrate by 
animal that in alkalosis 
produced by depletion of chloride, the 
serum potassium concentration is low 
Muscle potassium is low, 


The 


oc- 


experiment 


or normal. 
and intracellular sodium is high. 
intracellular 
curred despite abundant potassium in 
the diet. 
that during clinical alkalosis there was 


loss of potassium 


It was suggested therefore 


an intracellular loss of potassium and 
an inerease in cellular sodium in the 
presenee of normal renal function. 

Later work involving induced defi- 
cits of chloride, sodium, and potassium 


90 


ms, respectively, showed a high de- 
the 
entration of bicarbonate in the serum, 
and intracellular 
dium. bicarbonate varied 
ireetly with intracellular sodium and 
iversely with muscle potassium. Mus- 


ree of correlation between con- 


nusele potassium, 


Serum 
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gravated, and muscle composition was 
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and intracellular sodium 
It was 


cle potassium 
showed inverse relationships. 
considered that the existing ionic rela- 
tions could be regarded as a biological 
equilibrium which is attained when 
renal adjustment is made in the pres- 
ence of a deficit of sodium, of chloride, 
or of potassium. 

More recent work in which I have 
been concerned®! more adequately de- 
fines these relationships and reveals 
important facts. This particular study 
of tissue and renal adjustment to 
single ion deficiencies has produced 
considerable data and information pre- 
viously not anticipated. A large series 
of rats were rendered potassium defi- 

These animals 
into 


cient, and alkalotie. 


were then divided two groups. 


The first group (K) was given potas- 
kilo- 


gram, twice a day, by injection for one 


sium chloride, 3 millimols per 


week. Group 2 (Na) received 3 milli- 
mols of chloride (as sodium ehloride) 
Urine, 


blood, and tissue analyses were under- 


in the same way and dosage. 


taken before and during this therapy. 
The Na 
some renal compensation for the alka- 


group animals demonstrated 
losis by excreting urine of a high pH 
The group 
K animals excreted urine of low pH, 
high titratable acidity and a high am- 
The urinary bicarbon- 


and low titratable acidity. 


monia content. 
ate values closely followed the pH in 
both groups. Despite the absence of 


a renal compensatory mechanism it 


=) 


the group K animals, at the end of 
the 
was corrected, and muscle composition 
was normal. On the other hand, al- 
though in the group Na animals there 


one week extracellular alkalosis 


was some renal compensation for alka- 
losis, at the end of one week it was 
found, by serum analysis, to be ag- 
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shown to be grossly abnormal with re- 
spect to intracellular electrolytes. 
Obviously, then, in alkalosis and 
potassium deficiency the administra- 
tion of potassium leads to correction 
of the ionic changes by exchange of 
ions between the extra- and intracel- 
lular phase. This is an extrarenal oc- 
currence. During potassium deficiency 
and alkalosis sodium replaces potas- 
sium inside the cells, but there is not 
complete reciprocity between these ca- 
Only about two-thirds of the 
If, 
then, administration of potassium can 
bring about ionic equilibrium, it is 
clear that unless there is some radical 
change of ionie structure within the 
cell itself, there is approximately one- 


tions. 
potassium is replaced by sodium. 


third of the lost potassium cations to 
Thus, the evidence is 
suggestive that hydrogen ions as well 


be accounted for. 


as sodium ions enter the cell to rep!ace 
potassium; and during correction of 
the induced 
moves out of the cell along with so- 
dium, to restore equilibrium. Thus, 
this study has shown again the im- 


alkalosis, hydrogen ion 


portance and necessity of giving po- 


tassium in clinical alkalosis. It also 


reveals the extrarenal manner in which 


potassium restores ionic equilibrium. 


It has been known clinically that so- 
chloride benefit in 
of alkalosis. It is also known 
this is not so under all cireum- 


dium is of many 
cases 
that 
stances (i.e., when cellular potassium 
deficits are present). 

With respect to pink disease, the 
above research is important, for the 
data of Williams and his co-workers” 
draw attention to metabolic alkalosis 
of a significant duration. Their data 
offer a definite challenge for further 
elucidation of the behavior of the elec- 
trolytes, sodium, potassium, and chlo- 


ride. Provided their determinations 
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are accurate, they confirm beyond 
doubt the presence of an electrolyte 
disturbance, and reveal an acid-base 
imbalance.* 

It should be pointed out that if cel- 
lular potassium exists 
pink disease, this could well explain 
the variability of therapeutic results 


observed after giving sodium chloride. 


depletion in 


It is of interest to refer back thirty 
years ago to the early paper of Brown, 
and MacLachlan 
Toronto,’® which contains the only 
complete and single metabolic studies 
in the literature. Metabolic investiga- 
tions on a 3-year-old girl, receiving a 
reasonable calorie intake of 75 calories 
per kilogram, showed (recaleulated in 
modern terms) a negative balance for 
potassium (1.104 meq. per day), for 
sodium (0.135 meq. per day), and for 
nitrogen (0.158 gram per day). 
Ninety-eight per cent of the sodium 
and nitrogen loss occurred through the 
urine, and 94 per cent of the potas- 


Courtney, from 


sium loss. Sweating was neglected. 
When one considers this, and also the 
duration of the disease, these values 
may well be significantly large over a 
long period. 

Attention has recently been directed 
to alkalosis resulting from mercuria! 
Here chloride is said to b 
excreted in excess of sodium. In view 
of the work of Warkany,”* this aspec' 
also obviously requires elucidation. 


diureties.*” 


Clearly, our knowledge of the al 
tered electrolyte pattern in pink dis 
ease is as yet incomplete, and to som 
extent in this paper speculation ha: 
been entertained. The magnitude 0 
chloride, sodium, and potassium los 
must be determined, the role of met 
eury clarified, and the nature of th: 
disturbance of renal function and acid 


*Darrow, D. C.: Personal communication 
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hase imbalance defined in terms of 
modern concepts. 

Restoration of homeostasis by ap- 
propriate electrolyte therapy in states 
of prolonged ionie disturbance, such as 
the interesting and contrasting condi- 
tions of ‘‘renal acidosis,’’®* ean go far 
toward neutralizing the undesirable 


effects of disease. 


SUMMARY 


A. The history of pink disease has 
heen briefly reviewed and the known 
facts concerning and surrounding its 
incidence are recorded. On the basis 
of experience, and close study of over 
100 eases, a description of the symp- 
tomatology is given from the viewpoint 
of the manifestation of this disease in 
(1) infants and (2) older children. 

B. Modern etiological concepts are 
reviewed with special reference to (1) 
the role of mereury, (2) the nervous 
(3) 
the autonomie nervous system, (4) the 
adrenal gland. The role of the adrenal 
gland (cortex and medulla) has been 
investigated and evaluated from all 
aspects. Attention to the importance 
of has been originally de- 
scribed and discussed. 

C. A physiological approach to this 
is presented and advocated. 
From such an approach the following 
points have so far been determined or 


child and psychological factors, 


‘*stress’’ 
disease 


suggested : 

1. In pink disease there is a deple- 
tion of chloride and sodium ions in the 
aseular space; neither the chloride 
or the sodium ions rise concomitantly 
ith the existing hemoconcentration. 

2. There is some contraction of the 
‘lood volume and some loss of water 
rom the blood stream. We are appar- 
itly dealing with extracellular hypo- 
mie dehydration. 
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is a significant and sur- 


3. There 


prising amount of water loss as ‘‘in- 


sensible water loss.”” There is prob- 
ably appreciable loss of electrolyte 
through the sweat glands. 

4. There is evidence that the kid- 
neys are excreting significantly high 
amounts of chloride—more than can 
be ascribed to intake. 

5. The existence of alkalosis 
been pointed out, and the possibility 
of cell potassium deficit as a sequel or 
chloride depletion is presented. The 
use of sodium chloride therapeutically 
may be of value in some cases. The 
question is unsettled. 

6. Evidence is suggestive of an al- 
teration of blood pigment metabolism 
in this disease. This is suggested by 
the presence of free oxyhemoglobin in 
the plasma, and a slightly raised cop- 
roporphyrin excretion. The state of 
the eapillaries has been defined by 


has 


direct microscopy, and reference to 
the vascular system has been made in 
terms of the available evidence. 

7. The above electrolyte changes 
throw some light on the understanding 
of this disease, and there is reason to 
believe that further attention to elec- 
trolyte disturbance and deficits of 
chloride, sodium, and potassium will 
lead to further and more clearly de- 
fined therapeutic aids. 

I should like to express my thanks to Dr. 
Daniel C. Darrow for much help, criticism, 
and information relating to the preparation 
of this paper, and to Drs. H. G. Poncher and 
J. H. Ebbs for helpful suggestions in the 
presentation of this material. For the in- 
vestigation of the concluding case, I am in- 
debted to Drs. A. L. Chute, C. P. Rance, 
R. D. Rowe, and A. Jackson and to Miss 
Helen Christie. 
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ADDENDUM 


Recently a patient with infantile 
acrodynia, 19 months of age and 
weighing 9.43 kilograms, was admitted 
to the Hospital for Sick Children, 
Toronto,* and came under the care of 
this author. The typical history ex- 
tended over a period of four weeks and 
questioning revealed that a mercurial 
medication had been used three months 
previously for the treatment of ‘‘im- 
petigo.”” Examination of the child 
supported the history. Investigations 
revealed the following: serum Na, 135 
meq. per liter; serum Cl, 103 meq. per 
liter; serum K, 5 meq. per liter; serum 
pH, 7.48; serum bicarbonate, 21.6 meq. 
per liter; hematocrit, 45 vol. per cent; 
hemoglobin, 15 grams per cent; plasma 
protein, 7.10 grams per cent; nonpro- 
tein nitrogen, 47 mg. per cent; white 
blood count, 12,700 (with a normal 
differential count); absolute eosino- 
phil, 170 cells; blood pressure, 135/105. 
The electrocardiogram showed inver- 
sion of the ‘‘T waves’’ in the pre- 
cordial leads. The weight was 9.43 
kilograms. The urine was noticeably 
charged with urates and showed spe- 
cifie gravity values which ranged from 


*Present location of the author. 
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1.033 to 1.037. The pH of the urine on 
the first day was 6.4 and this value 
steadily increased. All urine specimens 
showed a positive test for ketones and 
occasionally showed the presence of a 
trace of sugar or albumin. The plasma 
volume (using the dye T 1824) was 
350 ¢.c. (30 per cent reduction). The 
extracellular water (using a bromide 
space method which I developed®) 
was found to be 16 per cent of the 
body weight. The normal value found 
with this method for adults is 20 per 
eent and for infants it is probably 
higher. As the bromide space is a 
measure of total body chloride, this 
result indicates a deficit of the chloride 
ion. 

Aceording to the mother the child 
had lost 5 pounds in four weeks and 
refused all foods except milk and clear 
fluids. In hospital she was placed on 
a milk diet together with ‘‘sugar solu- 
tion’’ and vitamins. In the first ten 
days an effort was made to study the 
fluid and electrolyte balance. The 
fluid intake, which only amounted to 


some 500 ¢.c. per day, was analyzed 


and likewise the urine and feces ex- 
ereted. Twenty-five per cent of the 
fluid intake was lost as scanty concen- 
trated urine. Some 75 per cent of 
fluid intake was therefore lost as sweat 
and as insensible water The 
stools were very small and constipated. 
The ealoric intake was of the order of 
35 ealories per kilogram per day. Dur- 
ing the first ten days in hospital it was 
possible to make only four complete 
twenty-four-hour urine collections. 
However, analysis of the urine alone 
with respect to intake showed a nega- 
tive balanee for Na, Cl, and K, and 
the loss of Na and Cl was greater than 
the loss of K. The mean of the values 
for urinary electrolyte exeretion indi- 
eated a daily net loss of 3 meq. of Na, 
2 meq. of Cl, 1.5 meq. of K, and 0.7 
gram of nitrogen. Correction for 
stool electrolyte loss showed a net daily 
deficit of 3.5 meq. of Na, 2.6 meq. of 
K, 2.9 meq. of Cl, and 0.86 gram of 
nitrogen per day. 

This loss of electrolyte from the 
body and the electrolyte changes tak- 


loss. 
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ing place were emphasized by the 
blood investigations performed on the 
eleventh day: serum Na, 130 meq. per 
liter; serum Cl, 93 meq. per liter; 
serum K, 4.6 meq. per liter; serum pH, 
7.55 (repeated twice); serum bicar- 
bonate, 26.5 meq. per liter; hematocrit, 
43 vol. per cent; nonprotein nitrogen, 
39 me. Electrocardiogram: abnormal 
tracing the same as previously. The 
urine pH equalled 7.6. The weight 
fell to 9 kilograms. 

On the twelfth day the patient was 
given a liter of milk which contained 
10 Gm. of sodium ehloride and 2 Gm. 
of potassium chloride. Much to the 
surprise of the nursing staff this feed- 
ing was readily taken, and almost gone 
before the end of the day. The urinary 
balance tor that day showed a reten- 
tion of 28 meq. of Na and 61 meq. of 
Cl and no gain or loss in K. 

On the thirteenth day only sugar 
solution was taken without the addi- 
tion of electrolyte, and during this 
twenty-four-hour period the urine 
showed a net loss of 53 meq. of Na, 


6.5 meq. of K, and 49 meq. of Cl. 


On the fifteenth day blood investiga- 
tions showed: serum Na, 135 meq. per 
liter; serum K, 5.0 meq. per liter; 
serum Cl, 95.5 meq. per liter; serum 
pH, 7.52; serum bicarbonate, 20.5 meq. 
per liter; nonprotein nitrogen, 32 mg. 

The patient was then given sugar 
solution only, which contained 4 Gm. 
of sodium chloride (68 meq.) and 5 
Gm. of potassium chloride (67 meq.) 
per liter. This solution was well taken 
over a continuous period. Some im- 
provement was noticed in the echild’s 
clinieal condition. At the end of the 
first twenty-four-hour period urinary 
balance showed a retention of 15.6 
meq. of Na, 8.3 meq. of K, and 32 meq. 
of Cl <At the end of the second 
twenty-four hours there was a further 
retention of 10.9 meq. of Na, 3.8 meq. 
of K, and 10.5 meq. of Cl. The ealoric 
intake was 35 ealories per kilogram 
per day and the fluid intake 620 c¢.c. 
per day. At this time the electrolyte 
levels were: serum Na, 138 meq. per 
iter; serum Cl, 104 meq. per liter; 
serum K, 4.55 meq. per liter; serum 
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pH, 7.55; serum bicarbonate, 22.4 meq. 
per liter; nonprotein nitrogen, 24 mg. 

The venous pressure of this child 
was measured during sleep produced 
by sedation. This was found to be 
surprisingly high: 203 mm. of water 
(above the right auricle). The upper 
limit of normal is 120 mm. The urine 
contained 0.06 mg. per liter of mer- 
cury. 17-Ketosteroid excretion was 
0.68 mg. (as androsterone). 

Briefly, from these investigations it 
is clear that there is, in this case, an 
excessive loss of electrolyte from the 
body, mainly through the kidney. 
That there is an excessive loss of so- 
dium through the kidney under condi- 
tions approximating semistarvation is 
interesting, as conservation of sodium 
is an outstanding requirement in the 
regulation of fixed base excretion dur- 
ing fasting if the integrity of extra- 
cellular fluid volume and of the blood 
volume is to be preserved. Presumably 
there is also a significant deficit of the 
chloride ion and perhaps the rise in 
the urinary pH is a reflection of the 
method employed by the kidney to try 
to conserve the chloride ion. The rise 
in serum pH must account for in- 
creased cell potassium loss over and 
above that due to starvation and also 
for the entrance of sodium and hydro- 
gen ion into the ecell.*' It is of interest 
that the presence of ketones in the 
urine, and presumably in the blood, 
was constant and under usual cireum- 
stances would have led to acidosis. 

This state of inanition, of hypotonic 
dehydration, and of alkalosis as de- 
picted here could well be ascribed to 
kidney tubular damage occasioned by 
the effects of some toxie agent such as 
mereury. 

Indeed, as a basis for further in- 
vestigation one might speculate as fol- 
lows. We may have here the picture 
of a relentless sodium and chloride 
diuresis due to mereury and most of 
the altered physiology in this disease 
might find explanation on this basis. 
The raised venous pressure and most 
likely a reduced kidney glomerular 
filtration rate are all reeognized ad- 
justments which tend to prevent elec- 
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trolyte loss due to mercurial agents. 
This has been shown in eardiae cases.” 

The for high urinary con- 
centration would thus become appar- 
electrolyte 
glands as- 
kidney to 
water and 
Inereased 


reason 


ent as a necessary saving of 
with the overworked sweat 
suming the role of a poor 
deal with the excretion of 
the conservation salt. 
cellular hydration with a_ shift of 
water from the extracellular space, 
leading to cerebral edema, is a logical 
explanation for irritability, insomnia, 
and photophobia. The muscle weak- 
ness is possibly due to cell potassium 
deficiency P ; and the manifestations in 
the extremities are perhaps due to 
arteriolar spasm and stagnant anoxia. 
Likewise the blood pressure could be 
the result of a generalized reflex ar- 
teriolar spasm. The tachycardia could 
result from the increased load placed 
on the cardiovascular system, and in 
the presence of a diminished blood vol- 
ume, the left ventricle would be hard 
pressed to maintain a sufficient cardiac 
output. 

Initially, the kidney might excrete 
more chloride than sodium and the 
resulting alkalosis would offset to some 
extent the mercurial effect on the kid- 
ney tubule. The ingestion of mereury 
at a period when the infant or young 
child is growing rapidly might fa- 
cilitate the deposition of this metal in 
the bones and elsewhere in some com- 
plex form, only to be slowly and re- 
lentlessly liberated at some later date. 
The presence of cell potassium defi- 
ciency would explain why these chil- 


of 
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dren quickly die, if gastroenteritis 
arises as a secondary complication. 
This disturbance of electrolyte and 
water metabolism would place the 
adrenal gland under stress and would 
account for an increased excretion in 
adrenal hormone. 

From recent work it apparent 
that one hormone which is effective 
against such mercurial action on the 
kidney is desoxyecorticosterone acetate 
(ACTH). 

The ease presented developed diar- 
rhea (hemoconcentration increased), 
which yielded quickly to the adminis- 
tration of continuous normal saline 
with plasma and oral KCl. Hypotonie 
solution did not establish hydration. 
Subsequently 6 Gm. of NaCl and 3 
Gm. of KCl were given in the oral 
fluids with 2 mg. of DCA by injection. 
After one week of this regime, irrita- 
bility, anorexia, insomnia, and inertia 
disappeared. Forty-eight-hour _ bal- 
ance studies (urine and feces) then re- 
vealed a daily retention of 36 meq. of 
Na, 15 meq. of K, 58 meq. of Cl, and 
0.5 Gm. of nitrogen. Serum pH was 
now normal, the hematocrit fell to 41 
vol. per cent and serum Na remained 
at 135 meq. After two weeks of DCA 
this was discontinued and three days 
later serum electrolytes were normal 
and the plasma volume was 475 e.c. 


is 


The extracellular water had risen to 
29 per cent of the body weight. The 
venous pressure was 165 mm. The 


electrocardiogram showed that the in- 
version of the T waves, in the pre- 
cordial leads, had diminished. 
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THE TREATMENT OF BEHAVIOR DISORDERS IN CHILDREN 
WITH BENADRYL 


A PRELIMINARY REPORT 


ABRAHAM S. Errron, M.D., AND ALFRED M. FREEDMAN, M.D. 
New York, N. Y. 


HE use of drugs in psychiatry 

either as a research tool or as a 
therapeutic weapon has not been ade- 
quately emphasized. Recently, Dr. 
Karl Menninger,’ in discussing re- 
search in psychiatry, pointed out that 
drug experimentation is a developing 
but insufficiently investigated field. 
He further stated, ‘‘It is regrettable 
that while physiological and neuro- 
logical studies for a long time dom- 
inated psychiatric research with a 
phenomenological aim, drug investi- 
gations so much related to the physio- 
logical investigations have been un- 
doubtedly neglected.’’ In his review 
of child psychiatry in 1952, David 
Levy? emphasized the ‘‘value and 
promise’’ of pharmacological  re- 
search. 

Evaluation of drug therapy in psy- 
chiatrie disorders of children has been 
mainly confined to compounds of the 
amphetamine and hydantoin groups. 
Bradley and Bowen® in 1941 treated 
100 children with Benzedrine Sulfate. 
Fifty-four per cent became ‘‘phys- 
ically and emotionally, but not in- 
tellectually’’ subdued, 19 per cent 
were stimulated to better integrated 
and useful behavior, 21 per cent were 
unaffected, and 7 per cent retro- 
gressed. The only group that showed 

From the New York University-Bellevue 
Medical Center, Department of Psychiatry and 
Psychiatric Division of Bellevue Hospital. 

This investigation was supported in part by 

research grant from the National Institute 


f Mental Health, Public Health Service, for 
Study of Childhood Schizophrenia. 
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no improvement were those with 
structural defects of the brain. Sub- 
sequently, Bradley* reported similar 
results with Dexedrine Sulfate. 
Bender and Cottingham’ reported an 
over-all improvement in behavior and 
relationships in 58 per cent of cases 
treated with Benzedrine. There was 
marked improvement in eases diag- 
nosed as psychoneurotie and neurotic 
behavior disorders. However, no im- 
provement was noted in those cases 
diagnosed as psychopathic personal- 
ity, schizophrenic, or organic. 

Several groups of investigators 
have evaluated the effectiveness of 
the hydantoin compounds in child 
behavior disorders. Most of the chil- 
dren studied were known to have ab- 
normal electroencephalograms. Brown 
and Solomon® used Dilantin Sodium. 
They reported improvement in three 
of seven delinquent children with 
serious behavior problems and abnor- 
mal electroencephalograms character- 
istic of psychomotor epilepsy. A simi- 
lar study by Walker and Kirkpatrick’ 
showed more encouraging results. Of 
ten children with behavior problems 
and abnormal electroencephalograms, 
all showed improvement with Dilantin 
Sodium. 

More recently, Pasamanick,® with 
the aid of several independent ob- 
servers, carefully studied twenty-one 
children with psychiatric disorders. 
Fourteen of the children were diag- 
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nosed as primary behavior disorders. 
The had 


other psychiatric diagnoses, but none 


remaining seven children 


of them was considered to be schizo- 
phrenic, All of the twenty-one chil- 


dren were found to have abnormal 


electroencephalograms. Several drugs 
were administered. The effectiveness 
of anticonvulsant medication was uni- 
formly disappointing. Only one child 
showed a beneficial result with Dilan- 
tin Sodium. This same child also im- 


proved with Mesantoin; in another 


child there was questionable improve- 
ment with Mesantoin. Of nine chil- 
dren who received Tridione, only one 
was benefited. Phenobarbital was ad- 
ministered to six children. One child 
improvement, and 


With 


phetamine, four of ten children had 


showed marked 


one slight improvement. am- 
beneficial 
that 


amphetamine was the only one of the 


marked or unequivocally 


results. Pasamanick concluded 


drugs he evaluated which could be 
considered of therapeutic value in the 
treatment of child behavior disorders. 

We®: '* 1! have observed and evalu- 
ated the usefulness of several mediea- 


ments in organie diseases of the cen- 


tral nervous system, and in adult 
psychiatrie disorders. Since the 
pharmacological approach to child 


psychiatry seemed promising, we ini- 
tiated a elinical investigation into the 
effectiveness of these and related com- 
pounds on the Children’s Psychiatrie 
Ward of Hospital. A 


screening procedure was established 


Bellevue 


to briefly evaluate the possible ef- 


fectiveness of these drugs, and it was 


intended that those drugs which 
seemed to be most beneficial would 


be subjected to a more complete and 


earefully controlled investigation. 
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This report is the result of prelim- 
inary observations with Benadryl.* 


PROCEDURE 

Forty-four unselected children with 
psychiatric disturbances were treated 
with Elixir Benadryl. This 
of eases consisted of thirty-four male 
and ten female children who ranged 
between the ages of 6 and 12 years. 
Of these forty-four children, twenty 
were diagnosed as schizophrenic, thir- 


group 


teen were organic, eight were primary 
behavior disorders, two were psycho- 
pathic, and one was mentally defee- 
tive. The children 
random at the time of their hospital 


were chosen at 


admission. They were not treated 
differently from other children on 
their ward. Since many of the chil- 
dren received medication this test 


group was not particularly differenti- 
ated in this respect. However, in the 
final series comparisons will be made 
with children receiving placebo iden- 
tical to the active drug. The children 
were first observed on the ward for 
ten to twenty-one days, until they 
were thought to have arrived at a 
relatively steady state of behavior. 
Then they were given increasing 
doses of Benadryl for a period of 
four weeks. After the administration 
of the drug was discontinued, obser- 
vation was maintained until the child 
was discharged from hospital. Eval- 
uations were recorded by members of 
the staff, i.e., house staff psychiatrist, 
research staff psychiatrist, nursing 
staff, 
structors, and psychologists. 


reereation  in- 


Changes 


schoolteachers, 


were recorded for the following cate- 
gories : 

l. Excessive motor activity. 

2. Anxiety. 


*The Elixir Benadryl was kindly supplied 
by Parke, Davis & Company, Detroit, Mich. 
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3. Relationship problems with other 
children. 

4. Relationship problems with 
adults. 

5. Soft neurological signs. 

6. Affect. 

7. Pathognomie symptomatology and 
fantasy life, i.e., introjected bodies and 
hallucinations. 

In addition, each child had an elee- 
troencephalogram before and at the 
end of the four-week period of drug 
therapy. Bender-Gestalt tests, Good- 
enough drawings, and free drawings 
were also collected before and during 
treatment. Improvement or aggrava- 


TABLE I, 
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3 times a 
4 times a 


Third week: 
Fourth week: 


day. 
day. 


30 mg. 
30 mg. 


RESULTS 


Results are indicated in Tables I, 
II, and III.* 


I, 61 per cent 


As ean be seen in Table 
of the cases showed im- 
provement in at least one category, 
34 per cent showed no improvement, 
and 5 per cent showed aggravation of 
symptoms. Of those cases that did 
show improvement, 49 per cent im- 
proved in three to five categories, and 
only 12 per cent in one or two cate- 


gories. None of the children showed 
any significant change in the soft 


Per CENT or ALL CASES SHOWING IMPROVEMENT IN EacH CATEGORY WITH 


TREATMENT BY BENADRYL 


IMPROVED 


Hyperactivity 29 
Manifest anxiety 54 
Relationship problems to peers 44 
Relationship problems to adults 56 
Depressed affect 37 


Three to five categories 
One to two categories 
No eategories 


SOME IMPROVED 


61 


Those cases in which the category was not 


All cases 


tion of symptoms was indicated by 
each with minus 
If any one of the above eate- 


observer plus or 
signs. 
gories was not considered to be sig- 
nificant for a particular case, it was 
To 
prevent slight changes from unduly 
influencing the results, the following 
)-point scale was adopted: 


so indieated, as shown in Table I. 


++: Marked improvement. 
: Moderate improvement. 
0: None or slight change. 
: Moderate aggravation. 

Marked aggravation. 


The dosage schedule of the Elixir 
benadryl was as follows: 


First 
Second 


week: 
week : 


10 mg. 3 times a day. 
20 mg. 3 times a day. 


NORMALITY 


MAINTAINED* UNIMPROVED AGGRAVATED 


20 49 2 

2 42 2 

0 51 5 

0 39 5 

0 63 0 

IMPROVED AGGRAVATED 
49 24 
12 2+ 
34 - 
UNIMPROVED SOME AGGRAVATED 
34 5 


significant. 


neurological signs or in pathognomic 
symptomatology and fantasy life. 
Comparative evaluation of the indi- 
vidual categories indicated that anxi- 
ety symptoms and relationship prob- 
lems with adults were most benefited. 
A reduction in manifest anxiety oc- 
curred in 54 per cent of the cases; 
and an improvement the child’s 
relationship problems with adults was 


found in 56 per cent of the cases. 
Forty-four per cent of the children 
showed improved relationship with 


their peers. In those cases in which 


depression was the prevailing mood, 


*Statistical analysis was done by Mr. Wil- 


liam Helme. 
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37 per cent benefited by elevation of ment with Benadryl. The older 


mood, Of those children who were schizophrenics, i.e., those between the 


hyperactive during the preliminary ages of 9 and 12 years, appeared to 


observation period, there was a reduc- improve in larger numbers than the 


tion of this hyperactivity in 29 per younger ones. 


By taking the mean 


cent with Benadryl. number of improved categories, it 


TABLE II 


Ver CENT OF CASES IMPROVED WITH BENADRYL TREATMENT BY 


AGES 6-8 YEARS 


NOT 

DIAGNOSIS CASES IMPROVED | IMPROVED | 
Schizophrenic 6 33 67* 
Organi 7 43 57 


Behavior disorders 0 _ 


AGE AND DIAGNOSIS 
AGES 9-12 YEARS 


NOT 
CASES IMPROVED |IMPROVED 
15 60 40* 
6 50 50 
8 100) 0 


IkAN NUMBER OF IMPROVED CATEGORIES WITH BENADRYL TREATMENT 


AGES 6-8 YEARS 


AGES 9-12 YEARS 


MEAN IM MEAN IM 
DIAGNOSIS CASES PROVEMENT | CASES PROVEMENT? 
sx hizophrenie 6 .89 15 2.01 
Organic 7 2.14 6 1.67 
Behavior disorders 0 - 8 3.47 
Per CENT IMPROVED AND MEAN IMPROVEMENT WITH BENADRYL TREATMENT DIAGNOSTIC 
GROUPINGS ALONE 
PER CENT MEAN 
DIAGNOSIS CASES IMPROVED IMPROVEMENT 
Schizophrenic 21 52 1.70 
Organi 13 46 1.92 
Behavior disorders 8 100 3.47 


*Includes one case showing aggravation. 
*+A\ggeravated case entered as minus one 


TasBLe IIT 


Per Cent or CASES IMprRoveD WitH BENADRYL TREATMENT BY I.Q. AND DIAGNOSIS 


1.Q. UNDER SO 


NOT 

DIAGNOSIS CASES |IMPROVED IMPROVED 
Schizophrenic 13 69 31 
Organic 6 17 83 
Behavior disorders 2 100 0 


NOT 
CASES IMPROVED IMPROVED 
6 17 83* 
6 67 33 
6 100 0 


1.Q. SO AND OVER 





MEAN NUMBER OF IMPROVED CATEGORIES WITH BENADRYL TREATMENT 


1.Q. UNDER 80 


MEAN 

DIAGNOSIS CASES IMPROVEMENT 
Schizophrenic 13 2.66 
Organic 6 83 
Jehavior disorders 2 3.50 


*Includes two cases showing aggravation. 
+ Aggravated cases entered as minus one each. 


1.Q. 80 AND OVER 


MEAN 
CASES IMPROVEMEN1 
6 -.71t 
6 2.50 
6 3.46 


Table Il represents a breakdown would appear that in the younger age 
according to age and diagnosis. It group, i.e., from 6 to 8 years, the or 


ean be seen that of the eight children ganic behavior 
who were diagnosed as primary be- greater improvement than the schizo- 
phrenies. This difference disappears 


havior disorder, all showed improve- 





disorders showed 
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in the older age group. The over-all 
improvement in the behavior dis- 


orders is reflected in a mean number 
of 3.47 in improved categories. When 
one groups all the cases together ac- 
cording to diagnosis, there is no sig- 
nificant difference between the sehizo- 
phrenies and the organics, while those 
with behavior disorders do best of all. 

The data were studied in terms of 
(Wechsler In- 
telligence Seale for Children) and di- 
According 
to these data schizophrenic children 


intelligence quotient 
agnosis (see Table IIT). 
with 1.Q.’s over 80 showed the most 


All of the ehil- 
dren with behavior disorders showed 


marked improvement. 


improvement. This observation is 
again reflected when the mean num- 


ber of improved categories is listed 


against the intelligence quotient. 
Analyses of Bender-Gestalt tests, 


drawings, and electroencephalograms 
made before and during administra- 
tion of Elixir Benadry] will be pre- 
sented in a later communication. 


DISCUSSION 
[It would appear from this prelimi- 
nary study that Benadryl is a useful 
drug in the 
symptomatology of children with psy- 
chiatric disorders. This therapeutic 
effectiveness is indicated in the sta- 


controlling manifest 


tistical breakdown, and it compares 
favorably with the reported beneficial 
effects of the amphetamine group of 
drugs. Bradley reported improve- 
ment in 72 per cent of his cases who 
received Benzedrine, while Bender 
ind Cottingham reported an over-all 
improvement of 58 per cent in their 
Pasamanick obtained benefit 
in 40 per cent of his cases with Benze- 


our 


group. 


lrine, whereas 61 cent of 


per 
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-ases showed some degree of improve- 
ment with Benadryl. 

Clinically, Benadryl appears to be 
most satisfactory in the therapy of 
primary behavior disorders, especially 
in those patients who show consider- 
able manifest anxiety. The major 
therapeutic usefulness of Benadryl 
seems to be its effect in reducing anx- 
iety and, at the same time, improving 
relationship problems to significant 
To a lesser degree it improves 
No expla- 


adults. 
relationships with peers. 
nation can be given for the improve- 
ment in the low I.Q. schizophrenic and 
the high I.Q. organic cases. However, 
the entire clinical picture and areas 
of improvement may be better under- 
stood after investigations in progress 
at the present time are completed. In 
these further investigations some chil- 
dren receive placebo medication while 
other children simultaneously receive 
active medication. In this manner 
changes in behavior in a child receiv- 
ing drugs can be compared with a 
child not receiving drugs. Some of 
the beneficial results recorded might 
be part of the general trend of im- 
provement seen in the ward popula- 
tion. However, this study does sug- 
gest that not all the improvement can 
be ascribed to hospital confinement. 
Such improvement that 
which is ordinarily seen in untreated 
receiving 


surpasses 
patients, or in patients 
phenobarbital. 

While the drug may not alter the 
entire course of the disturbance, it 
has been found to be of definite bene- 
fit. However, as has been pointed 
out, the precise nature of the im- 
provement will be better discernible 
when control studies have been com- 
pleted. 
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In addition, it has been observed 
that in certain acutely disturbing 


situations a number of children will 
definitely benefit from the administra- 
tion of Elixir Benadryl. Thus, chil- 
dren with sleep disturbances, espe- 
cially night terrors, seem to obtain a 
rapid relief from symptoms with a 
general improvement in behavior. 

It that 
symptoms were evidenced in any of 
the children from the administration 
The 


dose administered to any child was 


should be noted no toxie 


of Elixir Benadryl. maximum 


160 mg. a day. Only one boy, who 
was diagnosed as a behavior disorder 
due to diffuse organic brain disease, 
All the other 
while reeeiving 


displayed sleepiness. 
children were alert 
drug. 

SUMMARY 

1. Elixir Benadryl was administered 
to forty-four children with behavior 
disorders. 

2. Sixty-one per cent of the patients 
showed some improvement. 

3. Children with primary behavior 
disorders, especially those with mani- 
fest anxiety, were most benefited. 

4. Benadryl is of value in the treat- 
certain acutely disturbing 


ment of 


situations in children. 


OF 


n 
ot 


Ll. 
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5. No toxic symptoms were observed 


children from the administration 


Elixir Benadryl. 
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Comments on Current Literature 


ENCEPHALOMYOCARDITIS 


SSOCLATED inflammation of the 
A central nervous system and of the 
myocardium has been observed in 
poliomyelitis with some degree of fre- 
quency. But when the latter disease 
is excluded, concurrent involvement of 
the brain and the heart on a viral basis 
is considered of rare occurrence. In 
the December, 1952, issue of Circu- 
lation, Otto Saphir’ describes three 
eases which from the standpoint of 
clinical findings and pathologie studies 
fall into the category of encephalomyo- 
carditis. Saphir’s report comprises a 
review of this clinical and pathologie 
entity, together with the results of 
complete pathologie studies on all three 
of his patients. 

Although Fiedler in 1899? reported 
a series of cases of acute interstitial 
myocarditis, one of these patients ap- 
parently showing some encephalitic 
involvement, the concept of encepha- 
lomyoearditis as an entity, possibly on 
the basis of virus infection, did not 
gain impetus until 1945, when Helwig 
and Schmidt® described enlightening 
experimental work in this field. These 
investigators observed a clinical entity 
occurring in apes which was charac- 
terized by diffuse interstitial myoear- 
ditis, bilateral hydrothorax, and pul- 
monary edema. A filtrable agent was 
isolated from the chest fluid of apes 
infected with this disease, which pro- 
duced myocarditis in guinea pigs, and 
paralysis and widespread myocarditis 
in mice and hamsters. Warren and 
Smadel,* who earried out further in- 
vestigations with this infectious agent 
isolated from apes, were able to demon- 
strate that the agent became highly 
neurotropie for mice on serial intra- 
cerebral passage. In mice which sue- 
cumbed rapidly to the disease, Warren 
and Smadel found no microscopic evi- 
dence of myocarditis, but when the in- 
fection progressed more slowly and 
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death was delayed, an extensive, focal, 
necrotizing myocarditis occurred, 
which was readily recognizable grossly. 
This newly isolated viral agent was 
designated EMC virus (encephalomyo- 
carditis), and on further study, neu- 
tralization, cross immunity, and com- 
plement fixation tests’ revealed a close 
immunologic relationship between the 
EMC virus and the Columbia SK and 
MM strains of meningoencephalitis 
virus. Likewise, the pathogenicity and 
pathogenesis of these strains in experi- 
mentally infected small animals 
seemed to be completely comparable. 

Saphir, in reviewing the findings in 
his three patients with encephalomyo- 
-arditis, was impressed with the simi- 
larity between the disease process in 
human subjects and that deseribed in 
apes. His first patient, a woman, 52 
years of age, presented a clinical pic- 
ture characterized by headache, fever, 
generalized convulsive seizure, auricu- 
lar fibrillation, and increasing stupor. 
Pertinent laboratory studies included 
examination of spinal fluid, which 
showed the presence of traces of glob- 
ulin and a pleoeytosis of thirty cells, 
50 per cent of which were lymphocytes, 
and an electrocardiogram which was 
interpreted as abnormal, but was not 
considered typical of any specific heart 
lesion. 

-athologie studies which were e¢ar- 
ried out in detail revealed perivascular 
round-cell infiltration and perivascular 
hemorrhage in the central nervous sys- 
tem, as well as degenerative changes 
in the ganglion cells. At autopsy the 
myocardium was deseribed as flabby in 
tone, and in color, brown tinged with 
yellow. On microscopic examination 
the myocardial muscle fibers appeared 
swollen, and considerable accumulation 
of large mononuclear cells and lym- 
phocytes was observed in the inter- 
stitial tissues. 
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The second case reported by Saphir 
that of a man, 35 years of age, 
whose short clinical course was charac- 
terized by severe headache and fever. 
Death, which occurred one week after 
was sudden and unexepected, 
following within a short time after the 
patient first sought the adviee of a 
physician. <A study of autopsy mate- 
rial showed the presence of degenera- 
tive changes in the ganglion cells and 
infiltration of round cells and 
polyvmorphonuelear leukocytes in the 
brain. An interstitial myocarditis was 
observed whieh was characterized for 
the part by degeneration and 
necrosis of muscle fibers. 

The third ease, a boy of 13 years, 
was admitted to the hospital because 
of convulsions. At the time of admis- 
sion, about one week following an in- 
definite onset, the patient was coma- 
tose, febrile, and was having increasing 
respiratory difficulty. He died seven 
hours following arrival at the hospital. 
Pertinent laboratory studies ineluded 
examination of the spinal fluid, which 
revealed no abnormalities, and uri- 
nalvsis whieh indieated the presence 
of four-plus albumin. On post-mortem 
examination striking enlargement and 
dilatation of the heart was noted. 
Microscopic pathology included inter- 
stitial myoeardial infiltration by round 
degeneration of heart muscle 
fibers, and degenerative changes in the 
ganglion cells of the central nervous 
In addition to these findings, 
interstitial pneumonitis and acute in- 


was 


onset, 


foeal 


most 


cells, 


system 


tereapillary glomerulonephritis were 
deseribed 
On the basis of the elinieal and 


pathologie findings in these three pa- 
tients, Saphir coneluded that each had 
had coneurrent encephalitis and myo- 
carditis, and that these cases presented 
features similar to those of the enceph- 
alomyocarditie entity which had been 
described in apes. The occurrence of 


encephalomyocarditis in man and the 
possible relationship between this con- 
dition in the human subject and that 
observed in apes is supported some- 
further investigative work of 
demon- 


what by 
Smadel 


and Warren® who 
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strated neutralizing antibodies to the 
encephalomyoearditis virus in serum 
specimens collected from military per- 
sonnel who were recuperating from a 
short febrile illness contracted in the 
Philippines. In this instance the elini- 
cal course observed was not so severe 
as that described by Saphir. The ill- 
ness as observed in soldiers from the 
Philippines was a rather mild disease, 
characterized by fever, meningeal 
signs, pleocytosis of 50 to 500 cells, 
majority, lymphocytes, and followed 
by reeovery without sequelae in four 
to five days. Whether this disease 
process represents a milder form of the 
more fulminating illness deseribed by 
Saphir is a question the answer to 
which must await further study. At 
any rate, the presence of detectable 
humoral antibody to EMC virus con- 
stitutes presumptive evidence of in- 
fection, or casual encounter, with some 
agent similar, at least immunologi- 
eally, to this strain of encephaiomyo- 
earditis virus. 

While Saphir was not in a position 
to present definite information con- 
cerning the etiology of the disease in 
his three patients, he was able to con- 
elude in each instance that the patient 
did have aeute encephalitis associated 
with acute myocarditis. In the interest 
of gaining more information concern- 
ing this interesting clinical entity, 
this author urges that appropriate 
viral studies be undertaken in the 
ease of patients who present signs 
and symptoms of central nervous 
system and heart involvement. When 
patients are observed who fall into 
this clinieal eategory, it would be 
advantageous to secure body fluids for 
possible demonstration of type-specific 
antibodies to known strains of virus, 
especially the demonstration of in- 
creasing titer of antibody during elini- 
“al recovery. Likewise, isolation of 
the infectious agent should be at- 
tempted by appropriate inoculation of 
suitable laboratory animals. When 
autopsy permission is granted, plans 
should be made for the selection of ap- 
propriate tissue specimens, taken un- 
der proper conditions, for the express 
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purpose of animal inoculation. In 
this respect, close collaboration _ be- 
tween the clinical staff and laboratory 
personnel is essential, and may yield 
results which will serve to throw light 
on such an interesting syndrome as 
that described here, i.e., coneurrent 
encephalitis and myocarditis. 
Russet. J. BLATTNER. 
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\ new quarterly review published in 
French and English was started in 1952, 
sponsored by the International Children’s 
Centre in Paris. The title is Neo-natal 
Studies or Etudes Neo-natales, Three Amer- 
ieans interested in the newborn are on the 
editorial staff: Drs. Henry Barnett, Edith 
Potter, and Clement A. Smith. Those in- 
terested may obtain detailed information 
as to the journal from the International 
Children’s Centre in Paris. 


The Committee on Rheumatic Fever and 
Cardiac Disease of the American Academy 
of Pediatrics has arranged for two three-day 
courses on rheumatie fever and rheumatic 
heart disease for pediatricians with empha- 
sis on the clinical aspects of the disease. 

New York: New York University Post- 
graduate Medical School, April 15, 16, and 
17, 1953, daily 9:00 A.M. to 4:00 P.M, Min 
imum enrollment 8, maximum 16. Wednes- 
day, April 15: Bellevue Hospital—Drs, Cur- 
rier MeEwen, Ann Kuttner, L. Sokoloff, 


Brain Surgeon. The Autobiography of Dr. 
William Sharpe. New York, 1952, The 
Viking Press, 271 pages. Price $3.75. 
The reviewer has found a large part of 

Dr. Sharpe’s autobiography both interesting 

and amusing. His picture of the life and 

work of the medical student of fifty years 
ago will arouse the memories of all the ‘‘ old- 
timers.’’ It is something quite different 
from the present-day life. His anecdotes of 
his association with some of the medical 
leaders of past years, as Harvey Cushing, are 


most interesting in showing the personalities 











Janet Baldwin, and Katherine Brownell. 
Thursday, April 16: Irvington House—Dr. G. 
If, Stollerman and staff. Friday, April 17: 
University Hospital—Drs, J. S. Butterworth 
and M. M. Maliner. For information as to 
fee and enrollment address Dr, C, E. delaCha- 
pelle, Associate Dean, N. Y. U. Postgraduate 
Medical School, 477 First Ave., New York 
16, N. Y. 

Philadelphia: University of Pennsyl- 
vania Medical School, The Children’s Hos- 
pital of Philadelphia, April 24, 25, and 26, 
daily 9:00 A.M. to 5:00 P.M. Enrollment lim- 
ited to 10. Friday, April 24—Drs. Rachel 
Ash, Sidney Friedman, and John Hope. 
Saturday, April 25—Drs. S. Friedman and 
Rachel Ash. Sunday, April 26—Drs. Sidney 
Friedman, Harvey N. Vandegrift, John P. 
Hubbard, and T. N. Harris. For informa- 
tion as to fee and enrollment address Dr. 
Rachel Ash, Associated Professor of Cardiol- 
ogy in Pediatrics, The Children’s Hospital 
of Philadelphia, 1740 Bainbridge St., Phila- 
delphia 46, Pa. 


An intensive course on ‘‘ Practical Aspects 
of Common Endocrine and Metabolic Disor- 


” 


ders of Children and Adolescents will be 
given by Dr. Nathan B. Talbot and associ- 
ates under the auspices of the Harvard Med- 
ical School at the Massachusetts General 
Hospital on April 16 to 18, 1953, which are 
the three days immediately preceding the 
Boston meeting of the American Academy of 
Pediatrics. Those interested should write to 
the Assistant Dean, Courses for Graduates, 
Harvard Medical School, Boston 15, Mass. 
Attendance will be limited. 


Book Reviews 


of these men. Dr. Sharpe’s Chinese experi 


ences sound like a good short story in ¢ 


° 


fiction magazine. Naturally in a _ medical 
autobiography considerable attention is paid 
to the author’s own medical interest and 
work. This is of lesser interest in this par- 
ticular story as not all of Dr. Sharpe’s sur- 
gical ideas have received general acceptance. 
As a whole, the autobiography is well worth 
reading as it gives an interesting personal 
picture of medical education and practices 
not so many years ago, written, to put it 


mildly, by an ebullient personality. 
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Child Psychiatric Techniques: 


and 


Diagnostic 


Therapeutic Approach to Normal 


and Abnormal Through 
Group Be- 
B.S., M.A., 
Charles C 


$8.50. 


Development 


Patterned, Expressive and 
Bender, 
Ill, 1952, 


pages. Price 


havior. Lauretta 


M.D., 


Thomas, 


Springfield, 
335 

Dr. Bender’s book includes the techniques 
of observation and diagnosis, of care and 
therapy, developed during more than fifteen 
work with disturbed children at Belle- 
The 


about a formulation which integrates Gestalt 


years’ 
vue Hospital. approach is oriented 
theories of the psychology of perception with 
cultural and organic considerations, with the 


The 


pro- 


concept of the body image as a focus. 
that 
to 


core thesis is each individual’s 


gressive struggle attain reality involves 
not only emotional relationships, but physi- 
eal relationships as well. Thus, the patterns 
of perceiving objects and of expressing im- 
pulses utilized by the individual in the inter- 
action with space and gravity are of signal 
significance in the development of the body 
image. 

The of the 


technique as exemplified by the patterns of 


importance role of form, or 


expression in motility, art, and play, is 


underscored. Form is regarded as a reflec- 
tion of the maturation 
level, and a guide to the intellectual develop- 
of the child. Difficulty in patterning 


behavior in the perceptual, motor, and emo- 


psychophysiological 
ment 
tional spheres decreases the tolerance of the 


child 


for 


for frustration, and increases the need 
and guidance. 
filled book 


documented histories, 


affectionate care 
Dr. 


wealth 


sender has her with a 


of 
term follow-ups, and drawings by the chil- 


ease long- 
dren, all analyzed from a unique conceptual 
In the field of art, which is dis 


cussed at considerable length, the author re- 


view point. 


veals the most satisfying insights in an im- 
pressively complex area. The interpretations 
of the drawing of the Bender Visual-Motor 
Gestalt Test are fully illustrated and ex 
plained. 


A short survey of the current techniques 


in child psychiatry in the light of their 
historical backgrounds and recent formula- 
tions is followed by a discussion of the 


author’s own concepts with an emphasis on 
the value of a diagnostic and dynamic for- 
of 
factors in the behavior problem. 


motivational 
Both group 


been 


mulation the emotional and 


individual psychotherapy have 


and 
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found to progress more rapidly against a 
background of school, creative dance, music, 
puppet shows, and clay modeling. 

This book, 


bibliography, was designed neither as a com- 


which includes an _ excellent 
prehensive nor as an introductory text. Many 
specific areas are explored in detail, and it 
provides the interested and oriented physician 
with an unparalleled opportunity to partici- 


pate in the evaluation of disturbed children. 


JupiItH SCHACHTER AND RutTH BAKWIN 
Rheumatic Fever, A Symposium. Edited by 
1952, 
University of Minnesota Press, 349 pages. 
Price $10.00. 
This of 
emphasizes the inevitable conclusion that the 
pathogenesis of rheumatic fever is still ob- 


Lewis Thomas, M.D., Minneapolis, 


collection interesting reports re- 


scure. Here again there are reports of at- 


tempts to produce the lesions of rheumatic 


fever in animals, and the expected contro- 
versy arises as to whether the pathological 


lesions produced in animals are at all simi- 
lar to the ones seen in man. There are papers 
by Stetson and Thomas who attempt to point 
out the relationship between 


of the Shwartzman and Arthus phenomena 


the pathogenesis 


and human rheumatic fever. There are also 
two very interesting papers by Maclyn Me- 
Carty, ‘*The Biology of Group A Hemolytic 
and ‘‘ The 
Rheumatic Fever,’’ 
study by Jones and Blank on ‘‘The Natural 


Streptococci’’ Immune Response 


in and a comprehensive 


History of Rheumatic Fever.’’ 

A fitting conclusion to this volume, which 
is worth-while reading, is the remark by Dr. 
Benjamin Clawson who says, ‘‘ All I have to 
do to keep me humble is to look at an Aschoff 
I’m not 
rheumatic fever after that.’’ 


nodule about once a week, and so 


certain about 
GOLDRING 

Cor 

1952, 


Price 


Young Child Can Be Happy in Bed. 
nelia Stratton Parker, New York, 
Thomas Y. Crowell Co., 275 pages. 
$2.95. 

This is a discussion of 200 ways to enter 
the bedridden child. The text 
much detailed information as to methods and 


tain contains 


materials. One chapter lists the methods by 
ages. 
keep in mind when he finds it necessary to 


It is a book the pediatrician might well 


keep a child in bed for some time, as the 
entertainment of the child is most important 
to his happiness and this in turn to the ra 
pidity and rate of convalescence. 

















Editor’s Column 


THE GAMMA GLOBULIN POLIO PROBLEM 


HE recent report of the use of Red 

Cross gamma globulin for the pre- 
vention of polio records one of the 
most interesting mass experiments in 
history.* In three areas 
where polio was prevalent approxi- 
mately one-half of a total of 54,772 
children between the ages of 1 and 11 
years gamma_ globulin, 
while the other half serving as a con- 
The material 
for injection was so packaged that 
neither the parents nor the team giv- 
ing the injection knew which of the 


medical 


were given 


trol were given gelatin. 


two was given to a particular child. 

In evaluating the results only para- 
lytie cases were considered, as the di- 
agnosis of nonparalytie polio is too 
uncertain, and the incidence of trans- 
mission could be considered the same 
for the two groups. The final results 
showed a smaller number of paralytic 
eases developing for a period of four 
weeks beginning seven days after the 
injeetion of globulin. This is shown 
in the following table constructed from 
the figures in the report. 

NUMBER OF CASES DEVELOPING PARALYTIC 

PoLIo 


PERIOD AFTER GAMMA 


INJECTION | GLOBULIN GELATIN 

First seven days 12 16 
Second week 3 23 
Third week 2 8 
Fourth week 1 4 
Fifth week 0 3 

6 38 
Sixth week 3 } 
Seventh week 3 $ 
Kighth week 1 0 
Ninth week 1 1 
renth week plus 0 1 

Ss 10 
rotal after the first 14 48 


seven days 





While there is little difference be- 
tween the two groups in the first or 
after the fifth week following the in- 
jection, the difference in the four-week 
period, the second through the fifth 
week, is statistically significant. In 
the group receiving gamma globulin 
about 1 in 4,500 developed paralytic 
polio in this period, as contrasted with 
1 in 720 of the control group receiving 
gelatin. 

The conclusion can be drawn that 
gamma is of value in the 
prophylaxis of polio. Further, that in 
the dosage used in the study it does 


globulin 


not give complete protection, that it 
seemingly is of little use if the disease 
has been contracted at the time the 
globulin is given, and that protection 
is lost after five weeks, as is generally 
considered to oceur when globulin is 
used in the prophylaxis of measles. 
Thus there are definite limitations to 
its value. 

There is a cloudy side to the pic- 
ture. 
has been given to this study by the 


The widespread publicity which 


press, weekly magazines, and over tele- 
vision and radio have created a diffi- 
eult problem with which the physician 
will be faced this coming summer when 
the polio season comes round. It is the 
quantity of gamma globulin that will 
be available contrasted with the tre- 
mendous demand that will oceur. 


*Evaluation of Red Cross Gamma Globulin 
as a Prophylactic Agent for Poliomyelitis. 
I. Plan and Pilot Study in 1951 (Hammon, 
Coriell, and Stokes, Jr.) ; Il. Texas and Iowa- 
Nebraska Studies in 1952 (Hammon, Coriell, 
and Stokes, Jr.); III. Report of Results 
(Hammon, Coriell, Wehrle, Klimt, and Stokes, 
Jr.), J. A. M. A. 150: 739, 750, 757, 1952. 
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Only gamma globulin from pooled 
serum is considered to be of value in 
polio prophylaxis, and the Red Cross 
hlood 


large 


banks are the only source of 


quantities of gamma _ globulin 


from pooled sera. A relatively small 
amount made from placental blood is 
available commercially at a retail cost 


of around $6.00 for a 2 ee. 


unit. In 
their fiseal vear ending June 30, 1952, 
the Red Cross obtained 4,121,200 pints 
of blood in its fifty-seven blood banks 
now sixty-one). Sixty per cent of 
this went to the Armed Forces and 40 
needs. Roughly 


per cent for civilian 


5O per cent of the blood was used in 
blood in eivilian 
the 
l’orees, and 50 per cent was processed. 
By 


into plasma 


the form of whole 


hospitals or shipped to Armed 
far the larger part was processed 
the Armed 
relief, 


for use by 


‘orees or stored for disaster 


and only a small part fractioned. It 
is from the latter that gamma globulin 
is obtained. From a pint of whole 


hlood 


gamma globulin can be obtained. 


an average of only 7 e.e. of 

The dosage of gamma globulin used 
in the study depended on the weight 
of the child and it was given in doses 
of 4, 7, 


age dose of 7 e.c.. 


Assuming an aver- 
it required 190,000 


globulin to 


and 11 e.e. 


c.c. of gamma immunize 
the 27,000 children, and this required 
the donations of 27,000 pints of blood. 
We that at the 


end of the summer the Red Cross had 


have been informed 
only 400,000 2 ¢.c. units in reserve, or 
only enough to give one average 7 e.c. 


injeetion to around 115,000 children. 


The child population in the United 
States 1 to 14 years of age is over 
35 million. 

In December the Red Cross an- 
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nounced that at the of the 
Office of Defense Mobilization it would 
make an appeal for the donation of 


request 


2 million additional pints of blood to 
be processed into gamma globulin in 
Its 


suecess will depend not only on a 50 


1953 for use in polio prophylaxis. 


per cent inerease in blood donations 


over the past year, but on obtaining 
$7,000,000 their 


annual Mareh campaign to help meet 


additional funds in 


the cost. There is no income from the 
as Red Cross blood 
As- 
additional 


gamma _ globulin, 


products are never sold. 
that the 2 


pints of blood are 


and its 
suming million 
obtained and that 
more of the regular blood is processed 
into albumin and gamma globulin than 
in the previous year, somewhere be- 
tween only 2 and 3 million children 
‘an be given one prophylactic injection 
in 1953. It is likely that the quantity 
of gamma globulin available will fall 
considerably short of this figure. 

The allocation 
this limited supply of gamma globulin 
will not be undertaken by the Red 
be alloeated to 


and distribution of 


meet 
epidemie needs by the Office of De- 
fense Mobilization upon the advice of 


Cross. It will 


the National Research Council. Past 
experience indicates that polio will 
reach epidemie proportions in 150 


counties next summer and that at least 
2 million children will be exposed in 
these counties. So it is obvious that 
Red 
be generally available to physicians 
throughout the 
polio, however, will break out in many 
We ean be 
happens 


Cross gamma globulin will not 


country. Cases otf 
hundreds of communities. 
certain that this 
there will be a wild clamor for gamma 


whenever 


globulin arising in each one, as no one 


foretell whether or not the first 


“an 























few eases herald the beginning of an 
epidemic. The demand moreover will 
not be limited to one for use in child- 
hood. 
fall where gamma globulin was given 


We know of an instance last 


to thirty-three members of an adult 
football team following the develop- 
ment of paralytic polio in a member 
of the squad. 

For several years the Red Cross has 
distributed gamma gratui- 
tously through state and local health 
agencies for its proved value in measles 
prophylaxis and modification, and for 
infectious hepatitis. We have learned 
that the Red Cross is discontinuing 
this method of distribution to physi- 
cians. The Office of Defense Mobiliza- 
tion, recognizing that a limitation of 
its use to polio might lead to an in- 
erease in measles morbidity and the 
severity of measles complications to 
an extent that would outbalance the 
good that will come from its use in 
polio, in planning the allocation of 
gamma globulin has given first priority 
to the requirements for measles and in- 
feectious hepatitis. 


globulin 


The only direct objection we have 
heard expressed against the use of 
gamma globulin in polio is that it 
might prevent the development of the 
active immunization against polio 
which is thought to develop in many 
children when polio is prevalent in the 
community. Some feel the number of 
children who gain immunity from non- 
clinieal polio infection tremendously 
outnumbers those in whom the disease 
presents definite clinical symptoms. 
These are theoretical concepts. Not 
only has it not been proved that chil- 
dren who receive prophylactic gamma 
globulin cannot develop an active im- 
munity, but it has been suggested that 
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its best use may eventually be in com- 
bination with a vaccine, so that an 
active immunity will be produced un- 
der the protective effects of the gamma 
globulin. 

It is not the purpose or thought be- 


hind this editorial to criticize the 
scientific importanee of the polio 
study. It is rather to present the 


problems that have arisen from its 
suecess, and to point out that the 
physician can expect trouble this com- 
ing summer if polio breaks out in his 
community. Parents quite under- 
standingly will clamor for gamma 
globulin in view of the widespread 
publicity the experiment has obtained. 
It is going to be hard to have to say 
many times, ‘‘None available,’’ and 
explain the situation that is certain 
to happen. Physicians can be of great 
help in obtaining donors by pointing 
out to parents requesting gamma glob- 
ulin for their children the necessity 
for donating blood to the Red Cross. 
Few will hesitate to contribute to the 
supply of gamma globulin by giving 
a pint of their own blood when the 
situation is explained to them by their 
physician. 

The solution of polio prophylaxis 
lies in the development of a vaccine 
for active immunization rather than 
temporary passive immunization from 
gamma globulin. While waiting for 
the development of a vaccine, it would 
seem that what is most needed is a 
practical test, analogous to the Schick 
test, for separating the immune from 
the nonimmune children, so that the 
limited supply of gamma globulin will 
not be wasted. Neither is available 


despite the tremendous amount of re- 
search that has been done in this field. 











THE 
INFANT DEATH 


ONSIDERABLE publicity was re- 
. cently given to three infant deaths 
from aspirin poisoning in the space 
of a few weeks in St. Louis. As these 


were coroner’s cases they received 
local publicity which was picked up 
These 
were not accidental cases of salicylate 
but deaths. 


Accidental poisoning from aspirin in 


by national press services. 


poisoning therapeutic 


runabout and older children is quite 


common, and probably every large 


children’s hospital service sees a num- 
ber of cases a year. Fortunately only 
a few of these are fatal, as by prompt 


treatment the salicylate intoxication 
can be rapidly neutralized. It is quite 
a different story when poisoning 


occurs from aspirin given to a young 
baby to ‘‘bring down a fever.’’ 

On Nov. 4, 1952, an infant 6 months 
of age was admitted to the Children’s 
Hospital with convulsions from aspirin 
poisoning, who died six hours after 
The that for 
four days she had been given a half 


admission. story was 
aspirin tablet every few hours for an 
infection—a total of 50 grains. The 
blood salicylate level was 56 mg. per 
cent. 


On November 5, a 244-month-old in- 
fant was admitted who died ten hours 
after admission. During the twenty- 
four hours before hospitalization she 
received The 
blood salicylate level was 26.4 mg. per 


25 grains of aspirin. 


cent. 

The third case was a 4144-month-old 
infant admitted November 16, who 
died ten hours after admission. She 
had been given two 5 grain tablets of 
aspirin rectally, and enough 114 grain 
tablets orally to make a total of 27 
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grains in the twenty-four hours pre- 
The blood sali- 
cylate level was 47 mg. per cent. 
While three deaths in young infants 
from aspirin poisoning admitted to 
the same hospital in a moribund con- 


vious to admission. 


dition in a space of twelve days is 
most unusual, the 
will not happen again, their occurrence 
vividly dramatizes the danger of the 
use of aspirin for therapeutic purposes 


and chances are 


in young infants. 

Parents who read the numerous ad- 
vertisements or listen to the radio com- 
mercials extolling this or that brand 
of aspirin for children can hardly be 
expected to know they are dealing with 
a drug potentially lethal for young 
infants. Physicians should know bet- 
ter, but in two of these three cases the 
aspirin had been prescribed by an os- 
teopathie physician. If a physician 
once prescribes even small doses of 
aspirin for a baby, the chances are the 
parents will use it again without con- 
sulting the physician and without real- 
ization of this ever-present danger of 
overdosage. 

The physician has an opportunity to 
practice good preventive pediatries by 
warning parents never to give aspirin 
to a baby, and the necessity of keeping 
the household bottle of aspirin tablets 
out of the reach of young children. 
The danger of ‘‘accidental’’ aspirin 
poisoning has increased with the intro- 
duction of candied and flavored prep- 
arations widely advertised ‘‘for chil- 
dren.’’ It would be more accurate to 
designate cases of poisoning from this 
or that drug left where children can 
reach it as ‘‘ poisoning due to parental 
rather than ‘‘accidental 


, 


-arelessness,’’ 
poisoning.’”’ 











